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(57) Sang ché dé cap dén phuong phap san xuét axit L-amin nhu axit L-glutamic. Axit L-
amin dugc san xut bang cach nudi cdy vi khuan cé kha nang san sinh axit L-amin, vi
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nhu DctA, DcuA, va DcuB dugc gia tang, trong moi truong nudi ciy, va thu gom axit L-
amin tlr moi truong nudi cdy hodc cac té bao cua vi khuan.



31749

Linh vuc k¥ thuat dwge dé cap

Sang ché dé cap dén phuong phép san xuét axit L-amin nhu axit L-
glutamic bang cach 1én men st dung vi khudn. Céc axit L-amin 13 hitu ich 1am
nguyén li€u cho gia vi va v.v..

Tinh trang ky thuat cia sang ché

Céc axit L-amin dugc san xuét trén quy md cong nghiép bang céach, vi du,
1én men st dung céc vi sinh vat nhu vi khuédn c6 kha ning san sinh axit L-amin
(tai liéu phi séng ché 1). V& céc vi sinh vat nay, vi dy, cdc chung dugc phan lap
tir ty nhién va cac ching dot bién cta ching dd dugc st dyng. Ngoai ra, kha
ning san sinh axit L-amin clia c4c vi sinh vat c6 thé dugc cai thién bang cach st
dung cac k¥ thuat ADN tai td hop. Vi du, vé cach thiic nang cao kha ning san
xuét axit L-glutamic cta vi khuén, d3 biét dén phuong phép gia ting hoat tinh
phosphoketolaza (tai liéu sang ché 1) va str dung gen yggB dot bién (tai liéu sang
ché 2).

Céc vat mang hap thu axit C4-dicarboxylic khdc nhau d& dugc nhén thay
trong vi khuan. Vi khuan c6 thé hap thu va chuyén héa céc axit C4-dicarboxylic
nhd céc vat mang hép thu axit C4-dicarboxylic nay. Vi dy, dé biét ring céc
protein dugc ma hoa bdi gen detd, gen dcud, va gen dcuB déu ¢6 kha ning hap
thu axit C4-dicarboxylic nhu axit aspartic (céc tai liéu phi sang ché 2 dén 3).
Cling biét rang protein dugc ma héa bdi gen detd cling c6 kha nang hép thu axit
L-glutamic (tai liu phi sang ché 4).

Ngoai ra, da c6 bao céo vé phuong phép san xudt axit L-amin bang cach
str dung vi khuan coryneform cé sy gia ting muc biéu hién cta gen detA (tai liéu
sang ché 3). Tai lidu nay d& cép dén vi du trong d6 L-lysin duogc san xuét bang
cach st dung vi khuan ndy. Nguoc lai, trong khi cac axit L-amin khong phai la
L-lysin, nhu axit L-glutamic, cling dugc ldy 1am vi du 13 axit L-amin trong tai
lidu nay, tai liéu nay khong giai thich xem cac axit L-amin khong phai L-lysin,
nhu axit L-glutamic, c6 thd duoc san xuét bang cach st dung vi khudn néu trén

hay khong.
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Ngoai ra, da biét ring protein dugc ma hoéa boi gen yggB c6 kha ning tiét
axit L-glutamic (tai liéu sang ché 2 va tai liéu phi sang ché 5).
Tai liéu tham khao
Tai liéu sang ché
Tai liéu séng ché 1: W02006/016705
Tai liéu sang ché 2: W02006/070944
Tai li¢u sang ché 3: US2002-0106759
Tai liéu phi séng ché
Tai liéu phi sang ché 1: Akashi, K. et al., Amino Acid Fermentation. Japan
Scientific Societies Press, p.195 to 215, 1986.

Tai liéu phi sang ché 2: Karinou E. et al., The Escherichia coli SLC26
homologue YchM (DauA) is a C4-dicarboxylic acid transporter. Mol Microbiol.
2013 Feb;87(3):623-40.

Tai liéu phi sang ché 3: Janausch IG. et al., C4-dicarboxylate carriers and sensors

in bacteria. Biochim Biophys Acta. 2002 Jan 17;1553(1-2):39-56.

Tai liéu phi sang ché 4: Youn et al., Characterization of the Dicarboxylate
Transporter DctA in Corynebacterium glutamicum. Journal Of Bacteriology.
2009 Sept. 5480-5488.

Tai liéu phi sang ché 5: Nakamura et al., Mutations of the Corynebacterium
glutamicum NCgl1221 Gene, Encoding a Mechanosensitive Channel Homolog,
Induce L-glutamic Acid Production. Applied and Environmental Microbiology.
2007 July 4491-4498.

Ban chét k§ thuit ciia sang ché
Muc dich can dat duoc béi sang ché

Muc dich ctia sang ché 1a phat trién k¥ thuat méi nhim nang cao kha
ning san sinh axit L-amin cta vi khudn, va qua d6 dé xuét phuong phéap san xuét
axit L-amin mot cach hi€u qua.
Céch thtc dat dugce muc dich cua sang ché

Pé dat dugc muc dich néu trén, cac tic gia sang che da tien hanh cac
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nghién ctru khéac nhau. Nho do, céc tac gia sang ché nhén thdy rang kha ning san
sinh axit L-amin cta vi khuén c¢6 thé duoc cai thién bang cach cai bién vi khuan
sao cho murc biéu hién cua gen dctA, gen deud, hoac gen dcuB, ma hoa vat mang
hép thu axit C4-dicarboxylic, dugc gia ting, va hoan thanh sang ché.

Sang ché c6 thé bao gbm céc ddi tuong nhu sau.
[1] Phuong phép san xuét axit L-amin, phuong phéap nay bao gbm:

nudi cdy vi khuén c6 kha ning san sinh axit L-amin trong méi truong dé
tich tu axit L-amin trong moi truong nay va/hodc cac té bao cta vi khuén; va

thu gom axit L-amin tir mdi trudong va’hodc cac té bao,

trong d6 vi khuln d3 dugc cai bién sao cho hoat tinh ctia vat mang hép
thu axit C4-dicarboxylic dugc gia ting so vdi chung khéng dugc cai bién,

trong d6 vat mang hap thu axit C4-dicarboxylic gbm mot hogc nhiéu loai
protein dugce chon tir cac protein dugc ma hoa boi gen dcetd, gen deud, va gen

deuB, va

trong d6 axit L-amin 13 axit L-amin khéc v¢i axit L-aspartic,

véi diu kién 13 axit L-amin 13 axit L-glutamic khi vit mang hép thu axit
C4-dicarboxylic 1a protein dugc mé hoa boi gen detA.
[2] Phuong phép duoc néu & trén, trong d6 gen dctA 1a gen ma hoa protein duge
x4c dinh & cdc muc (a), (b), hodc (¢) dugc néu dudi day:
(a) protein bao gdm trinh tyr axit amin ctia SEQ ID NO: 16 hogc 18;

(b) protein bao gdm trinh tu axit amin cia SEQ ID NO: 16 hodc 18, nhung con
gém ca su thé doan, khuyét doan, xen doan, va’/hodc thém doan cua 1 dén 10 géc
axit amin, va c6 hoat tinh hip thu axit L-aspartic;

- (c) protein bao gdm trinh tu axit amin thé hién d6 twong dong bing 90% hogc
cao hon so vdi trinh tu axit amin cia SEQ ID NO: 16 hoac 18, va c6 hoat tinh
hép thu axit aspartic.

[3] Phuong phap dugc néu & trén, trong d6 gen deud 1a gen ma hda protein duoc
x4c dinh & cac muc (a), (b), hodc (¢) dugc néu dudi day:

(a) protein bao gbm trinh ty axit amin ctia SEQ ID NO: 20;
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(b) protein bao gbm trinh ty axit amin ctia SEQ ID NO: 20, nhung con gdm ca su
thé doan, khuyét doan, xen doan, va/hogc thém doan cua 1 dén 10 gbc axit amin,
va ¢6 hoat tinh hap thu axit aspartic;

(c) protein bao gdm trinh tu axit amin thé hién do tuong ddng bing 90% hoic
cao hon so vdi trinh tu axit amin cia SEQ ID NO: 20, va cé hoat tinh hép thu
axit aspartic.

[4] Phuong phép duoc néu & trén, trong d6 gen dcuB 1a gen ma hoa protein dugc
x4c dinh & cac muc (a), (b), hodc (c) duogc néu dudi day:

(a) protein bao gdm trinh tu axit amin cia SEQ ID NO: 22;

(b) protein bao gdm trinh ty axit amin ctia SEQ ID NO: 22, nhung con gdm ca su
thé doan, 'khuyét doan, xen doan, va/hodc thém doan cua 1 dén 10 géc axit amin,
va ¢6 hoat tinh hap thu axit aspartic;

(c) protein bao gdm trinh ty axit amin thé hién do tuong dong bing 90% hogc
cao hon so vdi trinh tu axit amin cia SEQ ID NO: 22, va c6 hoat tinh hép thu
axit aspartic.

[5] Phuong phap dugc néu ¢ trén, trong do6 hoat tinh cua vat mang hép thu axit
C4-dicarboxylic dugc gia tdng bang cach gia ting mirc biéu hién ctia gen ma hoa
vt mang hép thu axit C4-dicarboxylic.

[6] Phuong phap dugc néu ¢ trén, trong d6 muc biéu hién cta gen duoc gia ting
béng cach gia ting s6 luong ban sao clia gen va/hodc cai bién trinh tu didu chinh
mure biéu hién ctia gen.

[7] Phuong phdp dugc néu ¢ trén, trong do vi khuén cin duoc cai bién sao cho
hoat tinh ctia phosphoketolaza dugc gia ting so véi chiing khong dugc cai bién.
[8] Phuong phép dugc néu & trén, trong d6 phosphoketolaza gdém D-xyluloza-5-
phosphat phosphoketolaza va/hodc fructoza-6-phosphat phosphoketolaza.

[9] Phuong phap duoc néu & trén, trong dé hoat tinh ctia phosphoketolaza dugc
gia ting bang c4ch gia ting muic biéu hién cta gen mé& héa phosphoketolaza.

[10] Phuong phép dugc néu & trén, trong do vi khuén 14 vi khuén coryneform
hodc vi khudn thudc ho Enterobacteriaceae.

[11] Phuong phap dugc néu & trén, trong do vi khuén 12 vi khudn thudc gidng

-5



31749

Corynebacterium.
[12] Phuong phap dugc néu ¢ trén, trong do6 vi khudn 1a Corynebacterium
glutamicum.
[13] Phuong phép dugc néu & trén, trong do vi khuén 14 vi khudn thubc gibng
Pantoea hodc Escherichia.
[14] Phuong phép dugc néu & trén, trong do vi khuén 1a Pantoea ananatis hodc
Escherichia coli.
[15] Phuong phép dugc néu ¢ trén, trong d6 axit L-amin gdm axit L-amin cia ho
glutamat va/hodc axit L-amin cua ho aspartat.
[16] Phuong phap dugc néu & trén, trong d6 axit L-amin cua ho glutamat gdém
mot hodic nhiéu axit L-amin dugc chon tlr axit L-glutamic, L-glutamin, L-prolin,
L-arginin, L-xitrulin, va L-ornitin.
[17] Phuong phap dugc néu & trén, trong d6 axit L-amin ctia ho glutamat 12 axit
L-glutamic.
[18] Phuong phép dugc néu & trén, trong d6 axit L-glutamic la monoamoni L-
glutamat hodc mononatri L-glutamat.
[19] Phuong phép dugc néu & trén, trong d6 axit L-amin cia ho aspartat gdm
mot hodc nhiéu axit L-amin dugc chon tir L-lysin, L-threonin, L-isoleuxin, va L-
methionin.
[20] Phuong phép dugc néu ¢ trén,

trong d6 axit L-amin 13 axit L-amin ctia ho glutamat, va

trong d6 vi khudn da dugc cai bién tiép sao cho hoat tinh clia o-
ketoglutarat dehydrogenaza va/hodc sucxinat dehydrogenaza dugc gidm so voi
chiing khong dugc cai bién.
[21] Phuong phéap dugc néu ¢ trén,

trong d6 vi khudn 13 vi khuan coryneform, va

trong d6 vi khuan da dugc cai bién tiép dé mang gen yggB dot bién.
[22] Phuong phéap dugc néu & trén, trong d6 gen yggB dot bién 14 gen yggB c6 su

dot bién ma ning cao kha ning sén xuédt axit L-glutamic cta vi khuén
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coryneform.
[23] Phuong phép dugc néu 6 trén, trong do gen yggB dot bién 1a gen yggB cb sy
dot bién duoc xé4c dinh & cac muc (1), (2), hodc (3) duge néu dudi day:
(1) sy dot bién & ving ma héa cho gbc axit amin & cac vi tri tir 419 dén 533 cua
protein YggB kiéu dai,
(2) su dot bién & viing ma héa cho ving chuyén mang ctia protein YggB kiéu dai,
va
(3) su két hop ctia cac dot bién nay.
[24] Phuong phap dugc néu ¢ trén, trong do protein YggB kiéu dai 1 protein
duoc x4c dinh & cac muc (a), (b), hodc (¢) dugce néu dudi day:
(a) protein bao gdm trinh tw axit amin ctia SEQ ID NO: 10;
(b) protein bao gdm trinh ty axit amin cia SEQ ID NO: 10, nhung con gdm ca sur
thé doan, khuyét doan, xen doan, va/hoac thém doan cua 1 dén 10 géc axit amin,
va c6 dic tinh 1a gia ting mirc biéu hién ctia no trong vi khudn coryneform dé gia
ting kha ning san xuét axit L-glutamic cta vi khuan coryneform;
(c) protein bao gbm trinh ty axit amin thé hién d6 tuong dong bang 90% hoic
cao hon so véi trinh ty axit amin cta SEQ ID NO: 10, va c6 déc tinh 1a gia ting
muc biéu hién cua né trong vi khudn coryneform dé gia tang kha ning san xuét
axit L-glutamic cua vi khuan coryneform.

Theo sang ché, kha ning san sinh axit L-amin cta vi khuén c6 thé dugc
cai thién, va axit L-amin co thé duoc san xudt mot cach hidu qua.
M0 ta van tit hinh vé

[FIG. 1] Biéu db thé hién céc két qua clia qua trinh nudi cdy san xut axit
glutamic bang céach st dung ching C. glutamicum c6 mirc biéu hién duoc gia
tang cua gen mang hép thu axit C4-dicarboxylic (Cg-dctA, Ec-dctA, Ec-dcuA,
hoic Ec-dcuB). (A) Luong tich tu axit glutamic (Glu), (B) lugng tich tu axit
aspartic (Asp).
M0 ta chi tiét sang ché

Sau déy, sang ché s& duoc gidi thich chi tiét.
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Phuong phap theo sang ché 13 phuong phép san xuit axit L-amin bao
gbém budc nuodi cdy vi khuan c6 kha ning san sinh axit L-amin trong mdi truong
dé tich tu axit L-amin trong mdi trudng ndy va/hodc céac t& bao cua vi khuan, va
thu gom axit L-amin tr mdi truong nudi cdy va/hodc cac t& bao cta vi khun,
trong d6 vi khuan di duoc cai bién sao cho hoat tinh cia vat mang hép thu axit
C4-dicarboxylic dugc gia tang. Vi khuin duoc st dung cho phuong phép nay
con dugc goi la "vi khudn theo séng ché".
<1> Vi khudn theo sang ché

Vi khuin theo sang ché 1a vi khuan ¢6 kha ning san sinh axit L-amin, vi
khuén nay d& duoc cai bién sao cho hoat tinh ctia vat mang hép thu axit C4-
dicarboxylic dugc gia tdng.
<1-1> Vi khuén ¢6 kha niing sén sinh axit L-amin

Trong séng ché, thuat ngft "vi khuén c6 kha nang san sinh axit L-amin" 1a
dé chi vi khudn c6 kha nang san xuét va tich ty axit L-amin mong mudn trong
moéi truong va/hodc cac t& bao ctia vi khudn & mic ma axit L-amin c6 thé dugc
thu gom, khi vi khudn duogc nuéi cdy trong mdi truong. Vi khuén c6 kha ning
sén sinh axit L-amin c6 thé 1a vi khudn ma c6 thé tich tu axit L-amin mong muén
trong moi truong va/hodc cac té bao cua vi khuan & luong 16n hon so véi lugng
c6 thé thu dugc véi chiing khong duge cai bién. Thuat ngtt "chiing khong dugc
cai bién" 13 d& chi ching dbi chimg ma khong dugc cai bién dén mic hoat tinh
ctia vat mang hip thu axit C4-dicarboxylic dugc gia tang. Nghia 13, cdc vi du vé
chiing khoéng duoc cai bién bao gdm ching kiéu dai va chung cha me. Vi khuén
¢6 kha ning san sinh axit L-amin c¢6 thé 13 vi khuan ma c6 kha néng tich tu axit
L-amin mong mudn trong moi trudng & lugng t6t hon 1a bing hodc 16n hon
0,5g/L, tdt hon nita 1a b%mg hodc 1én hon 1,0g/L.

Axit L-amin dugc san xuét theo sing ché 13 axit L-amin khac véi axit L-
aspartic. Cac vi du vé axit L-amin khong phai 12 axit L-aspartic bao gbm céc axit
amin bazo nhu L-lysin, L-ornitin, L-arginin, L-histidin, va L-xitrulin; céc axit
amin béo nhu L-isoleuxin, L-alanin, L-valin, L-leuxin, va glyxin; cdc axit amin
ma 14 céc axit hydroxy-monoaminocarboxylic nhu L-threonin va L-serin; cac

axit amin vong nhu L-prolin; c4c axit amin thom nhu L-phenylalanin, L-tyrosin,
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va L-tryptophan; c4c axit amin chta luu huynh nhu L-xystein, L-xystin, va L-
methionin; céc axit amin cé tinh axit nhu axit L-glutamic; va céc axit amin c6
nhom amit & mach bén nhu L-glutamin va L-asparagin. Cac vi du cu thé vé axit
L-amin khong phai 1a axit L-aspartic bao gdm axit L-amin ctia ho glutamat va
axit L-amin cta ho aspartat. Thuét nglt “axit L-amin cua ho glutamat" la dé chi
axit L-glutamic va céc axit L-amin ma duoc sinh tdng hop nho axit L-glutamic
lam hop chat trung gian. C4c vi du vé céc axit L-amin ma duoc sinh tong hop
nho axit L-glutamic lam hop chét trung gian bao gébm L-glutamin, L-prolin, L-
arginin, L-xitrulin, va L-ornitin. Thuét ngft “axit L-amin thudc ho aspartat" la chi
céc axit L-amin ma duoc sinh tdng hop nho axit L-aspartic 1am hop chét trung
gian, va khong bao gbm axit L-aspartic. C4c vi du vé céc axit L-amin ma dugc
sinh téng hop nhd axit L-aspartic lam hop chét trung gian bao gdm L-lysin, L-
threonin, L-isoleuxin, va L-methionin. Céac vi du cu thé hon vé axit L-amin khac
v6i axit L-aspartic bao gdm axit L-glutamic. Vi dy, it nhat khi vat mang hap thu
axit C4-dicarboxylic 1a protein dugc mé hda boi gen dctd, axit L-amin ¢ thé 1a
axit L-glutamic. Vi khuan theo sang ché c6 thé c6 kha ning san xuat mot loai
axit L-amin riéng biét, hodc hai hodc nhiéu loai axit L-amin.

Trong sang ché, thuat ngit “axit amin" 13 dé chi axit L-amin, trr phi dugc
quy dinh khéc. Trong sang ché, thut ngir “axit L-amin" 12 dé chi axit L-amin &
dang tu do, mudi ctia nd, hodc hén hop ctia nd, trir phi dugc quy dinh khac. Céc
vi du v& mudi duoc mé ta dudi day.

Céc vi du v vi khuan bao gdm vi khudn thudc ho Enterobacteriaceae va

vi khuan coryneform.

Céac vi du vé vi khudn thudc ho Enterobacteriaceae bao gbm vi khuén
thudc giéng Escherichia, Enterobacter, Pantoea, Klebsiella, Serratia, Erwinia,
Photorhabdus, Providencia, Salmonella, Morganella, hodc tuong ty. Dac biét, vi
khuédn dugc phéan loai thanh ho Enterobacteriaceae theo nguyén tic phan loai
duoc st dung trong co s& dit liéu NCBI (National Center for Biotechnology
Information)
(http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=91347) co thé

duoc str dung.
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Vi khudn Escherichia khong bi giéi han mot cach cu thé, va cac vi du cia
né bao gdm vi khuén dugc phén loai thanh gidng Escherichia theo nguyén téc
phan loai da biét dbi véi ngudi c6 hiéu biét trung binh trong linh vuc vi sinh vat
hoc. Céc vi du v& vi khudn Escherichia bacteria bao gdm, vi dy, vi khuan dugc
mo ta trong tai liéu cua Neidhardt va ddng tac gia (Backmann B.J., 1996,
Derivations and Genotypes of some mutant derivatives of Escherichia coli K-12,
pp.2460-2488, Table 1, In F.D. Neidhardt (ed.), Escherichia coli and Salmonella
Cellular and Molecular Biology/Second Edition, American Society for
Microbiology Press, Washington, D.C.). Cac vi du vé vi khuén Escherichia bao
g6m, vi du, Escherichia coli. Cac vi du cu thé v& Escherichia coli bao gom, vi dy,
cac chung Escherichia coli K-12 nhu ching W3110 (ATCC 27325) va chung
MG1655 (ATCC 47076); chiing Escherichia coli K5 (ATCC 23506); cac chung
Escherichia coli B nhu ching BL21 (DE3); va cac chung co ngudn gde tir vi
khuan nay.

Vi khudn Enterobacter khong bi giéi han mdt cach cu thé, va cac vi du
bao gdém vi khudn duoc phan loai thanh gidng Enterobacter theo nguyén téc
phéan loai da biét ddi voi ngudi ¢b hiéu biét trung binh trong linh vyc vi sinh vét
hoc. Cac vi du vé vi khudn Enterobacter bao gdm, vi du, Enterobacter
agglomerans va Enterobacter aerogenes. Cic vi du cu thé vé& Enterobacter
agglomerans bao gdm, vi du, ching Enterobacter agglomerans ATCC 12287,
Céc vi du cu thé vé& Enterobacter aerogenes bao gdm, vi du, chiing Enterobacter
aerogenes ATCC 13048, chung NBRC 12010 (Biotechnol. Bioeng., 2007, Mar.
27;98(2):340-348), va ching AJ110637 (FERM BP-10955). Cac vi du vé vi
khuin Enterobacter con bao gdm, vi du, cdc ching dugc dé cap trong don yéu
cau clp patent chau Au chua xét nghiém (EP-A) s6 0952221, Ngoai ra,
Enterobacter agglomerans con bao gbém vai ching dugc phén loai 1a Pantoea
agglomerans.

Vi khudn Pantoea khong bi gidi han mot cach cu thé, va cac vi du bao
gbm vi khuin dugc phan loai thanh gibng Pantoea theo nguyén tdc phén loai da
biét dbi v6i ngudi c6 hidu biét trung binh trong linh vyc vi sinh vat hoc. Céc vi

du céc vi khuan Pantoea bao gom, vi dy, Pantoea ananatis, Pantoea stewartii,
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Pantoea agglomerans, va Pantoea citrea. Cac vi du cu thé vé Pantoea ananatis
bao gdm, vi du, chiing Pantoea ananatis LMG20103, ching AJ13355 (FERM
BP-6614), chung AJ13356 (FERM BP-6615), ching AJ13601 (FERM BP-7207),
ching SC17 (FERM BP-11091), ching SC17(0) (VKPM B-9246), va chung
SC17sucA (FERM BP-8646). Vai vi khudn Enterobacter va Erwinia dugc phin
loai lai thanh gidng Pantoea (Int. J. Syst. Bacteriol., 39, 337-345 (1989); Int. J.
Syst. Bacteriol.,, 43, 162-173 (1993)). Vi du, vai chung Enterobacter
agglomerans hién dugc phén loai lai thanh Pantoea agglomerans, Pantoea
ananatis, Pantoea stewartii, hodc tuong tu trén co s& phan tich trinh tu nucleotit
ctia 16S ARN ribosom v.v. (Int. J. Syst. Bacteriol., 39, 337-345 (1989)). Theo
sang ché, cac vi khuan Pantoea bao g6n1 céc vi khudn dugc phén loai lai thanh
gidng Pantoea nhu duge mo ta & trén.

Céc vi du vé cac vi khuan Erwinia bao gdm Erwinia amylovora va
Erwinia carotovora. Cac vi du vé cdc vi khudn Klebsiella gom Klebsiella

planticola.

Céc vi du vé cac vi khudn coryneform bao gbm cac vi khudn thudc gibéng
Corynebacterium, Brevibacterium, Microbacterium, hodc tuong tu.

Céc vi du cu thé vé cac vi khuan coryneform bao gdm céc loai sau day.

Corynebacterium acetoacidophilum

Corynebacterium acetoglutamicum

Corynebacterium alkanolyticum

Corynebacterium callunae

Corynebacterium crenatum

Corynebacterium glutamicum

Corynebacterium lilium

Corynebacterium melassecola

Corynebacterium thermoaminogenes (Corynebacterium efficiens)

Corynebacterium herculis

Brevibacterium divaricatum (Corynebacterium glutamicum)
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Brevibacterium flavum (Corynebacterium glutamicum)
Brevibacterium immariophilum

Brevibacterium lactofermentum (Corynebacterium glutamicum)
Brevibacterium roseum

Brevibacterium saccharolyticum

Brevibacterium thiogenitalis

Corynebacterium ammoniagenes (Corynebacterium stationis)
Brevibacterium album

Brevibacterium cerinum

Microbacterium ammoniaphilum

Céc vi du cu thé v& céc vi khuén coryneform bao gdm cic ching sau day.
Corynebacterium acetoacidophilum ATCC 13870
Corynebacterium acetoglutamicum ATCC 15806
Corynebacterium alkanolyticum ATCC 21511

Corynebacterium callunae ATCC 15991

Corynebacterium crenatum AS1.542

Corynebacterium glutamicum ATCC 13020, ATCC 13032, ATCC 13060,
ATCC 13869, FERM BP-734

Corynebacterium lilium ATCC 15990
Corynebacterium melassecola ATCC 17965

Corynebacterium efficiens (Corynebacterium thermoaminogenes)
AJ12340 (FERM BP-1539)

Corynebacterium herculis ATCC 13868

Brevibacterium divaricatum (Corynebacterium glutamicum) ATCC
14020

Brevibacterium flavum (Corynebacterium glutamicum) ATCC 13826,
ATCC 14067, AJ12418 (FERM BP-2205)

Brevibacterium immariophilum ATCC 14068
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Brevibacterium lactofermentum (Corynebacterium glutamicum) ATCC

13869
Brevibacterium roseum ATCC 13825
Brevibacterium saccharolyticum ATCC 14066
Brevibacterium thiogenitalis ATCC 19240

Corynebacterium ammoniagenes (Corynebacterium stationis) ATCC
6871, ATCC 6872

Brevibacterium album ATCC 15111
Brevibacterium cerinum ATCC 15112
Microbacterium ammoniaphilum ATCC 15354

Céc vi khudn Corynebacterium bao gdm cac vi khudn ma di duoc phan
loai trude thanh gidng Brevibacterium, nhung hién nay dugc hop nhét thanh
gidng Corynebacterium (Int. J. Syst. Bacteriol., 41, 255 (1991)). Hon nfia,
Corynebacterium stationis bao gdm cac vi khudn ma d3 duoc phan loai trudc d6
13 Corynebacterium ammoniagenes, nhung hién nay dugc phan loai lai thanh
Corynebacterium stationis trén co s& phan tich trinh tu nucleotit cia 16S ARN
ribosom v.v. (Int. J. Syst. Evol. Microbiol., 60, 874-879 (2010)).

Cac ching nay co thé mua duoc tir, vi du, American Type Culture
Collection (Address: 12301 Parklawn Drive, Rockville, Maryland 20852, P.O.
Box 1549, Manassas, VA 20108, United States of America). Nghia la, céc )
dang ki dugc gén cho céc chiing tuong Umg, va céc ching nay c6 thé duoc sip
xép theo céc sd dang ki nay (xem http://www.atcc.org/). Cac sb dang ki ctia cac
ching dugce liét ké trong bang muc lyc cia American Type Culture Collection.
Céac ching nay cling c6 thé thu dugc tir, vi du, cdc kho luu gilt tai d6 cac ching
duogc luu gitr.

Vi khuén theo séng ché c6 thé 13 vi khuén sin c6 kha nang san sinh axit
L-amin, hodc c6 thé 1a vi khuén duoc cai bién sao cho né c6 kha ning san sinh
axit L-amin. Vi khudn c6 kha ning san sinh axit L-amin c6 thé thu dugc bang
cach truyén kha nang san sinh axit L-amin cho vi khudn nhu néu trén, hoic bang

cach gia ting kha ning san sinh axit L-amin ctia vi khuan nay nhu néu trén.
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Pé truyén hoic gia tang kha ning san sinh axit L-amin, cic phuong phip
thong thuong dugc st dung trong qud trinh nhan gidng ching vi khudn
coryneform san xuAt axit amin, vi khun Escherichia, va v.v. (tham khéo tai liéu
"Amino Acid Fermentation", Gakkai Shuppan Center (Ltd.), 1st Edition,
published May 30, 1986, pp.77-100) c6 thé duoc st dung. Cac vi duy veé chc
phuong phép nhu vay bao gdm, vi dy, thu ldy ching dot bién khuyét dudng, thu
14y chiing khang chét ddng dang axit L-amin, thu 14y ching dot bién diéu hoa su
trao dbi chét, va tao ra chung tai t& hop trong d6 hoat tinh cua enzym sinh tong
hop axit L-amin dugc gia tdng. Trong qud trinh nhéan gidng vi khudn san xuét
axit L-amin, mot trong sb céc dic tinh néu trén nhu sy dot bién khuyét dudng,
khang chét dong dang, va didu hoa su trao ddi chét c6 thé duoc truyén riéng biét,
hoac hai hoac nhiéu dic tinh trong sb céc dic tinh nay c6 thé duoc truyén két
hop. Ngoai ra, trong qud trinh nhan gidng vi khuén san xut axit L-amin, hoat
tinh ctia mot enzym trong sd cac enzym sinh tébng hop axit L-amin c6 thé dugc
gia ting riéng biét, hodc cac hoat tinh cua hai hodc ba hodc nhiéu enzym c6 thé
dugc két hop gia ting. Hon nita, viéc truyén (cac) ddc tinh nhu sy dot bién
khuyét dudng, khang chét dong déng, va didu hoa su trao dbi chét co thé duoc
két hop véi viée gia ting (c4c) hoat tinh cta (cdc) enzym sinh téng hop.

Ching dot bién khuyét dudng, ching khang chit dong ddng, hodic ching
dot bién didu hoa su trao dbi chat c6 kha ning san sinh axit L-amin ¢4 thé thu
dugc bing cach xtr Iy ching cha me hodc ching kiéu dai bang qué trinh gy dot
bién théng thuong, va sau dé chon loc chung thé hién su dot bién tu dudng, su
dot bién khang chit dong déng, hodc sy dot bién diu hoa su trao dbi chét, va c6
kha ning san sinh axit L-amin tir cac ching dot bién thu dugc. Céc vi du vé qua
trinh x Iy gay dot bién thong thuong bao gdm sy chiéu tia X hodc tia cyc tim va
qua trinh xu ly b%lng tac nhan gdy dot bién nhu N-metyl-N'-nitro-N-
nitrosoguanidin (MNNG), etyl metansulfonat (EMS), va metyl metansulfonat
(MMS).

Kha ning san sinh axit L-amin cling ¢ thé duoc truyén hodc dugc gia
tdng bang cach gia ting hoat tinh clia enzym lién quan dén qué trinh sinh téng

hop cia axit L-amin mong mudn. Hoat tinh enzym c6 thé duoc gia ting béng
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cach, vi du, cai bién vi khuén sao cho muc biéu hién cua gen mi hoa enzym nay
duoc gia tang. Cac phuong phéap gia tdng muc bidu hién gen dugc dé cap trong
W000/18935, EP1010755A, va céc tai liéu khac. Chi tiét vé qué trinh gia tang
hoat tinh enzym s& dugc mo ta dudi day.

Hon nita, kha ning san sinh axit L-amin cling c6 thd duoc truyén hodc
gia tang bang cach giam hoat tinh clia enzym xuc tdc phan Ung tach ra tir chu
trinh sinh téng hop axit L-amin mong mudn dé tao ra hop chét khac véi axit L-
amin mong mudn. Cum tlr "enzym xuc tdc phan Umg tdch ra tir chu trinh sinh
tdng hop axit L-amin mong mudn dé tao ra hop chit khéc véi axit L-amin mong
mudn" duoc dé cap & day bao gdm enzym lién quan dén sy phan hiy axit amin
mong mudn. Phurong phép gidm hoat tinh enzym s& dugc mo ta dudi day.

Sau day, vi khuan san xuét axit L-amin va cdc phuong phap truyén hodc
gia ting kha nang san sinh axit L-amin s& dugc dé cap mét cach cy thé. Tét ca
céc dic tinh cua vi khuAn san xuit axit L-amin va céc su cai bién dé truyén hoac
gia ting kha nang san sinh axit L-amin c6 thé duoc st dung ddc 1ap hodc theo su
két hop thich hop batky.
<Vi khuén san xudt axit L-glutamic>

Céc vi du vé cac phuong phap truyén hodc gia ting kha ning san xuét
axit L-glutamic bao gdm, vi du, phuong phép cai bién vi khuén sao cho vi khuén
co su gia tang hoat tinh hodc cac hoat tinh cia mdt hoéc nhiéu loai enzym duoc
chon tir c4c enzym sinh tong hop axit L-glutamic. Céc vi du vé céc enzym nhu
viy bao gom, nhung khong bi giéi han mot céch cu thé &, glutamat
dehydrogenaza (gdhA), glutamin synthetaza (glnd), glutamat syntaza (g/tBD),
isoxitrat dehydrogenaza (icdA), aconitat hydrataza (acnd, acnB), Xitrat syntaza
(gltd), metylxitrat syntaza (prpC), pyruvat carboxylaza (pyc), pyruvat
dehydrogenaza (aceEF, IpdA), pyruvat kinaza (pyk4, pykF), phosphoenolpyruvat
syntaza (ppsA), enolaza (eno), phosphoglyxeromutaza (pgmA4, pgml),
phosphoglyxerat kinaza (pgk), glyxeraldehyt-3-phophat dehydrogenaza (gapA),
trioza phosphat isomeraza (tpid), fructoza bisphosphat aldolaza (fbp), glucoza
phosphat isomeraza (pgi), 6-phosphogluconat dehydrataza (edd), 2-keto-3-

deoxy-6-phosphogluconat aldolaza (eda), va transhydrogenaza. Dugc thé hién
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trong ddu ngodc don sau tén goi cua cdc enzym 1a cac vi du vé cac gen ma hoa
c4c enzym ndy (diéu nay duoc 4p dung cho céc trudong hop tuong tw dudi day).
Tt hon 14 gia ting hoat tinh hodc c4c hoat tinh ctia mot hodc nhiéu loai enzym
duoc chon tlr, vi du, glutamat dehydrogenaza, Xitrat syntaza, phosphoenol

pyruvat carboxylaza, va metylxitrat syntaza, trong so cdc enzym néu trén.

Céc vi du v& cac chung thudc ho Enterobacteriaceae va dugc cai bién sao
cho murc biéu hién ctia gen xitrat syntaza, gen phosphoenolpyruvat carboxylaza,
va/hodc gen glutamat dehydrogenaza duoc gia ting bao gdm céc ching dugc dé
cap trong EP1078989A, EP955368A, va EP952221A. Hon nira, cac vi du vé céc
chiing thudc ho Enterobacteriaceae va dugc cai bién sao cho muc biéu hién cia
gen ctia chu trinh Entner-Doudoroff (edd, eda) dugc gia ting bao gdm céc chiing
duoc de cip trong EP1352966B. Céac vi du v& vi khudn coryneform dugc cai
bién sao cho muc biéu hién clia gen glutamat synthetaza (gltBD) dugc gia ting
bao gdm céc vi khuan coryneform dugc dé cap trong W0O99/07853.

Céac vi du vé cac phuong phép truyén hodc gia ting kha ning san xuét
axit L-glutamic con bao gbm, vi du, phuong phép cai bién vi khuén sao cho vi
khuén c6 su giam hoat tinh hodc cac hoat tinh cia mdt hodc nhiéu loai enzym
duoc chon tir cac enzym ma xtc tdc phan Ung tach ra tir chu trinh sinh téng hop
axit L-glutamic dé tao ra hop chét khac véi axit L-glutamic. Cac vi du vé céc
enzym nhu vdy bao gbm, nhung khong bi giéi han mét cach cu thé &, isoxitrat
lyaza (aced), o-ketoglutarat dehydrogenaza (sucA, odhA), axetolactat syntaza
(ilvl), format axetyltransferaza (pfl), lactat dehydrogenaza (ldh), alcohol
dehydrogenaza (adh), glutamat decarboxylaza (gadAB), va sucxinat
dehydrogenaza (sdhABCD). Tt hon 13 giam hodc loai bd, vi dy, hoat tinh o-
ketoglutarat dehydrogenaza, trong sd céc enzym néu trén.

Vi khudn Escherichia c6 hoat tinh a-ketoglutarat dehydrogenaza bi giam
hodc khong c6 hoat tinh o-ketoglutarat dehydrogenaza, va cac phuong phép thu
duoc cac vi khudn nay duge dé cap trong cac patent M§ s6 5,378,616 va
5,573,945. Hon nita, cic phuong phép giam hodc loai bo hoat tinh a-ketoglutarat
dehydrogenaza cuia vi khuan Enterobacteriaceae nhu vi khun Pantoea, vi khuan

Enterobacter, vi khuan Klebsiella, va vi khudn Erwinia dugc dé cap trong cac
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patent My s6 6,197,559, 6,682,912, 6,331,419, va 8,129,151, va
W02008/075483. Cac vi du cu thé vé vi khuan Escherichia ¢6 hoat tinh a-
ketoglutarat dehydrogenaza bi gidm hodc khuyét hoat tinh o-ketoglutarat
dehydrogenaza bao gdm cac ching sau day.

E. coli W3110sucA::Km'

E. coli AJ12624 (FERM BP-3853)

E. coli AJ12628 (FERM BP-3854)

E. coli AJ12949 (FERM BP-4881)

E. coli W3110sucA::Km" 13 ching thu dugc bing cach lam dat gdy gen
sucA mi hoa a-ketoglutarat dehydrogenaza cta E. coli W3110. Chung nay hoan
toan khong cd hoat tinh a-ketoglutarat dehydrogenaza.

Vi khudn coryneform trong d6 hoat tinh o-ketoglutarat dehydrogenaza
dugc giam hodc dugce loai trir, va cadc phuong phap thu 14y céc vi khuin nay
duoc dé cap trong W02008/075483. Céc vi du cu thé v& vi khuén coryneform
trong d6 hoat tinh a-ketoglutarat dehydrogenaza dugc gidm hodc dugce loai trix
bao gdm, vi du, cac ching sau day.

Ching Corynebacterium glutamicum (Brevibacterium lactofermentum)
1.30-2 (don yéu cau cap patent Nhat Ban chua xét nghiém (Kokai) s6 2006-
340603)

Ching Corynebacterium glutamicum (Brevibacterium lactofermentum)

AS (W095/34672)

Corynebacterium glutamicum (Brevibacterium lactofermentum) AJ12821
(FERM BP-4172, patent Phap s6 9401748)

Corynebacterium glutamicum (Brevibacterium flavum) AJ12822 (FERM
BP-4173, patent Phap s6 9401748)

Corynebacterium glutamicum AJ12823 (FERM BP-4174, patent Phap sd
9401748).

Céc vi du v& vi khun san xuét axit L-glutamic va cdc chung cha me dé
thu duoc cac vi khudn ndy con bao gdm vi khuén Pantoea nhu chiing Pantoea

ananatis AJ13355 (FERM BP-6614), ching Pantoea ananatis SC17 (FERM BP-
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11091), va chung Pantoea ananatis SC17(0) (VKPM B-9246). Chung AJ13355
la chung duoc phan lap tur dAt & Twata-shi, Shizuoka-ken, Nhat Ban lam chuing
ma ¢6 thé ting sinh trong moéi trudng c6 do pH thip chtra axit L-glutamic va
nguén cacbon. Chung SC17 1a ching dugc chon lam ching dot bién sinh dich
nhay & murc thép tir ching AJ13355 (patent M¥ s6 6,596,517). Ching SC17 dugc
lwu gift & co quan hanh chinh doc 14p, National Institute of Advanced Industrial
Science and Technology, International Patent Organism Depository (nay la co
quan hanh chinh doc 14ap, National Institute of Technology and Evaluation,
International Patent Organism Depositary, #120, 2-5-8 Kazusakamatari,
Kisarazu-shi, Chiba-ken, 292-0818, Japan) ngay 4 thang 2 nam 2009, va dugc
dang ki sé truy cap FERM BP-11091. Chung AJ13355 duogc luu gilt ¢ National
Institute of Bioscience and Human Technology, Agency of Industrial Science and
Technology (nay 13 co quan hanh chinh dgc 14p, National Institute of Technology
and Evaluation, International Patent Organism Depositary, #120, 2-5-8
Kazusakamatari, Kisarazu-shi, Chiba-ken, 292-0818, Japan) ngay 19 thang 2
nim 1998 va dugc dang ki s6 truy cdp FERM P-16644. Sau do, mau luu gift nay
dugc chuyén thanh miu luvu giit qubc t& dudi cac didu khoan cua Hiép udc
Budapest ngay 11 thang 1 ndm 1999, va dugc ding ki s6 truy cap FERM BP-
6614.

Hon nita, cac vi du v& vi khuén san xuét axit L-glutamic va céc ching
cha me d& thu dugc cac vi khuin nay con bao gbm vi khuan Pantoea c6 hoat tinh
a-ketoglutarat dehydrogenaza bi gidm hodc thiéu hoat tinh a-ketoglutarat
dehydrogenaza. Cac vi du v& cac ching nhu vay bao gdm chiing AJ13356 (patent
M§ sb 6,331,419), 1a chiing khuyét gen o-ketoglutarat dehydrogenaza c6 clu triic
siéu phan tit E1 (sucA) cta ching AJ13355, va ching SC17sucA (patent My s6
6,596,517) 1a chiing khuyét gen sucA cta chung SC17. Chung AJ13356 dugc luu
gift & National Institute of Bioscience and Human-Technology, Agency of
Industrial Science and Technology (nay 1a co quan hanh chinh ddc l4p, National
Institute of Technology and Evaluation, International Patent Organism
Depositary, #120, 2-5-8 Kazusakamatari, Kisarazu-shi, Chiba-ken, 292-0818,
Japan) ngay 19 thang 2 nam 1998, va duoc ding ki s6 truy cap FERM P-16645.
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Sau d6, mau luu gitr nay duge chuyén thanh mau luu gitt qubc té dudi cac didu
khoan ctia Hiép udc Budapest ngay 11 thang 1 nam 1999, va dugc ding ki sd
truy cdp FERM BP-6616. Ching SC17sucA duoc ding ki ma s AJ417, va duge
lyu gift & co quan hanh chinh ddc 14p, National Institute of Advanced Industrial
Science and Technology, International Patent Organism Depositary (nay 1a co
quan hanh chinh ddc 1ap, National Institute of Technology and Evaluation,
International Patent Organism Depositary, #120, 2-5-8 Kazusakamatari,
Kisarazu-shi, Chiba-ken, 292-0818, Japan) ngdy 26 thang 2 nam 2004, dudi 5O
truy cap FERM BP-8646.

Chung AJ13355 dugc xdc nhén 1a Enterobacter agglomerans khi dugc
phén 1ap, nhung gan ddy dugc phan loai lai & Pantoea ananatis trén co s¢ Xac
dinh trinh tu nucleotit ciia 16S ARN ribosom va v.v.. Do vdy, méc du cac ching
AJ13355 va AJ13356 duoc luu gitt & kho luu gitt néu trén la Enterobacter
agglomerans, nhung trong ban mo6 ta nay chiing duoc goi la Pantoea ananatis.

Hon nita, cic vi du vé& vi khudn san xuét axit L-glutamic va céc chung
cha me dé tir d6 thu duoc cac vi khuan nay con bao gbém vi khuén Pantoea nhu
ching Pantoea ananatis SC17sucA/RSFCPG+pSTVCB, chung Pantoea
ananatis AJ13601, chung Pantoea ananatis NP106, va ching Pantoea ananatis
NA1. Ching SC17sucA/RSFCPG+pSTVCB thu duoc bang cach dua plasmit
RSFCPG chtra gen xitrat syntaza (gltA), gen phosphoenolpyruvat carboxylaza
(ppc), va gen glutamat dehydrogenaza (gdhA) thu dugc tir Escherichia coli, va
plasmit pSTVCB chita gen xitrat syntaza (glt4) thu dugc ti Brevibacterium
lactofermentum, vao trong ching SC17sucA. Chung AJ13601 la ching dugc
chon tir ching SC17sucA/RSFCPG+pSTVCB lam ching chiu dugc ndng dd cao
cua axit L-glutamic ¢ do pH thap. Chting NP106 thu dugc tir ching AJ13601
bing cach xtr 1y cac plasmit RSFCPG va pSTVCB. Ching NA1 thu dugc tu
ching NP106 bing cach dua plasmit RSFPPG vao (W02010/027045). Plasmit
RSFPPG c6 céu tric tuong tmg véi plasmit RSFCPG chi khac 1a gen glt4 clia n6
da duoc thay thé bing gen metylxitrat syntaza (prpC), va vi vdy, chira gen prpC,
gen ppc, va gen gdhA (W02008/020654). Ching AJ13601 dugce luu gilt o

National Institute of Bioscience and Human Technology, Agency of Industrial
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Science and Technology (nay 1a co quan hanh chinh ddc 14p, National Institute of
Technology and Evaluation, International Patent Organism Depositary, #120, 2-
5-8 Kazusakamatari, Kisarazu-shi, Chiba-ken, 292-0818, Japan) ngay 18 thang 3
nim 1999, va dugc dang ki sé truy cap FERM P-17516. Sau do, mau luu gitt ndy
duge chuyén thanh mau luu gift qubc té duédi cac didu khoan cta Hiép udc
Budapest ngay 6 thang 7 nam 2000, va dugc dang ki s6 truy cdp FERM BP-7207.

Céc vi du vé vi khudn sén xuét axit L-glutamic va céc ching cha me dé
thu ldy chung con bao gdm céc ching trong dé ca hoat tinh a-ketoglutarat
dehydrogenaza (sucA) va hoat tinh sucxinat dehydrogenaza (sdh) dugc giam
hodc loai bé (don yéu cau clp patent Nhat Ban chua xét nghiém (Kokai) 56
2010-041920). Céc vi du cu thé v& cac chiung nhu vay bao gbm, vi du, ching
khuyét thibu kép sucAsdhA cua ching Pantoea ananatis NA1 va ching khuyét
thiéu kép odhAsdhA cua ching Corynebacterium glutamicum ATCC 14067,
nghia 1a ching Corynebacterium glutamicum 8L3GASDH (don yéu cau cip
patent Nhat Ban chua xét nghiém (Kokai) s6 2010-041920).

Céc vi du vé vi khudn san xuét axit L-glutamic va cc chung cha me dé
thu ldy chung con bao gbm cac ching dot bién khuyét dudng. Cac vi du cu thé
v& cac chiing dot bién khuyét dudng bao gom, vi dy, E. coli VL334thrC*(VKPM
B-8961, EP1172433). E. coli VL334 (VKPM B-1641) la ching khuyét dudng L-
isoleuxin va L-threonin c6 cac su dot bién & cac gen thrC va ilvA (patent My sb
4,278,765). E. coli VL334thrC" 1a vi khun san xudt axit L-glutamic khuyét
dudng L-isoleuxin thu dugc bang céch dua alen kiéu dai ctia gen thrC vao trong
chiung VL334. Alen kiéu dai ctia gen thrC dugc dua vao béng phuong phép tai
nap thong thuong st dung thé thuc khuan P1 sinh trudng trén céc té bao cla
ching E. coli K-12 kiéu dai (VKPM B-7).

Céc vi du vé vi khudn san xuét axit L-glutamic va cdc ching cha me aé
thu 1iy ching con bao gdm cac chiing c6 tinh khéng chét ddng déng axit aspartic.
Céac chung nhu vay cling c6 thé thiéu hoat tinh o-ketoglutarat dehydrogenaza.
Céc vi du cu thé vé cac chiing c6 tinh khang chét dong déng axit aspartic va thiéu
hoat tinh a-ketoglutarat dehydrogenaza bao gdm, vi du, E. coli AJ13199 (FERM
BP-5807, Patent M§ 36 5,908,768), E. coli FFRM P-12379, ma c6 kha ning phéan
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huy axit L-glutamic dugc giam (patent My s6 5,393,671), va E. coli AJ13138
(FERM BP-5565, patent My s6 6,110,714).

Céc vi du vé cac phuong phép truyén hodc gia ting kha ning san xuét
axit L-glutamic con bao gbm, vi du, phuong phép gia ting muc biéu hién ctia
gen gly tiét axit L-glutamic, nhu gen yAfK (W02005/085419) hodc gen ybjL
(W02008/133161).

Hon nfta, cac vi du vé cac phuong phép truyén ho#c gia ting kha nang
san xudt axit L-glutamic cho ho#c trong vi khuén coryneform con bao gdm céc
phuong phap truyén tinh khang chét ddng dang axit hitu co, chit trc ché ho hép,
hoéctuongtu,Vécécphuongphéptnu%ntkﬁumﬁncénldéiVéichétﬁcchéténg
hop thanh té bao. Cac vi du cu thé vé cac phwong phap nay bao gbm, vi du,
phuong phap truyén tinh khang axit monofloaxetic (don yéu cAu cép patent Nhat
Ban chua xét nghiém (Kokai) s6 50-113209), phuong phap truyén tinh khang
adenin ho#c tinh khang thymin (don yéu ciu cédp patent Nhat Ban chua xét
nghiém (Kokai) s6 57-065198), phuwong phap lam suy giam ureaza (don yéu cau
cip patent Nhat Ban chua xét nghiém (Kokai) s6 52-038088), phuong phéap
truyén tinh khang axit malonic (don yéu cdu clp patent Nhat Ban chua xét
nghiém (Kokai) s6 52-038088), phuong phép truyén tinh khéang benzopyron hoc
naphtoquinon (don yéu cau clp patent Nhat Ban chua xét nghiém (Kokai) 56 56-
1889), phuong phap truyén tinh khang HOQNO (don yéu cau clp patent Nhat
Ban chua xét nghiém (Kokai) s 56-140895), phuong phap truyén tinh khéng
axit a-ketomalonic (don yéu cau cép patent Nhat Ban chua xét nghiém (Kokai)
s6 57-2689), phuwong phap truyén tinh khang guanidin (don yéu clu cép patent
Nhat Ban chua xét nghiém (Kokai) s6 56-35981), phuwong phap truyén tinh man
cam vai penixilin (don yéu cdu cap patent Nhat Ban chua xét nghiém (Kokai) s0
4-88994), va v.v..

Céc vi du cu thé vé cac vi khuén c6 tinh khéng hodc ¢6 tinh mn cam nhu
véy bao gdm cac chiing sau day.

Corynebacterium glutamicum (Brevibacterium flavum) AJ3949 (FERM
BP-2632, don yéu cdu cép patent Nhat Ban chua xét nghiém (Kokai) s& 50-
113209)
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Corynebacterium glutamicum AJ11628 (FERM P-5736, don yéu clu cép
patent Nhat Ban chua xét nghiém (Kokai) s6 57-065198)

Corynebacterium glutamicum (Brevibacterium flavum) AJ11355 (FERM
P-5007, don yéu cu cip patent Nhat Ban chua xét nghiém (Kokai) s6 56-1889)

Corynebacterium glutamicum AJ11368 (FERM P-5020, don yéu cau cép
patent Nhat Ban chua xét nghiém (Kokai) s6 56-1889)

Corynebacterium glutamicum (Brevibacterium flavum) AJ11217 (FERM
P-4318, don yéu cau cép patent Nhat Bén chua xét nghiém (Kokai) 56 57-2869)

Corynebacterium glutamicum AJ11218 (FERM P-4319, don yéu cau cép
patent Nhat Ban chua xét nghiém (Kokai) 36 57-2869)

Corynebacterium glutamicum (Brevibacterium flavum) AJ11564 (FERM
BP-5472, don yéu cdu cip patent Nhat Ban chua xét nghiém (Kokai) s6 56-
140895)

Corynebacterium glutamicum (Brevibacterium flavum) AJ11439 (FERM
BP-5136, don yéu cdu cip patent Nhat Ban chua xét nghiém (Kokai) s6 56-
35981)

Corynebacterium glutamicum H7684 (FERM BP-3004, don yéu cau cp
patent Nhat Ban chua xét nghiém (Kokai) s6 04-88994)

Corynebacterium glutamicum (Brevibacterium lactofermentum) AJ11426
(FERM P-5123, don yéu cau cap patent Nhat Ban chua xét nghiém (Kokai) s6
56-048890)

Corynebacterium glutamicum AJ11440 (FERM P-5137, don yéu clu cép
patent Nhat Ban chua xét nghiém (Kokai) s6 56-048890)

Corynebacterium glutamicum (Brevibacterium lactofermentum) AJ11796
(FERM P-6402, don yéu cau cap patent Nhat Ban chua xét nghiém (Kokai) s6
58-158192).

Hon nita, cac vi du vé cac phuong phép truyén hodc gia ting kha ning
san xuét axit L-glutamic cho hodc trong vi khuén coryneform con bao gbém
phuong phap gia tdng muc biéu hién cta gen yggB va phuong phéap dua vao gen
yggB dot bién c6 su dot bién trong ving méa héa (WO2006/070944). Nghia 14, vi
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khudn theo séang ché c6 thé da dugc cai bién sao cho murc biéu hién ctia gen yggB
duogc gia tang, hodc co thé da dugc cai bién dé mang (c6) gen yggB dot bién.

Gen yggB 1a gen ma hoa kénh nhay cadm co hoc. Cac vi du vé gen yggB
bao gdm cac gen yggB cla vi khudn coryneform. Céc vi du cu thé vé cac gen
yggB cua vi khudn coryneform bao gém, vi du, cdc gen yggB cua
Corynebacterium  glutamicum ATCC13869, Corynebacterium glutamicum
ATCC13032, Corynebacterium glutamicum ATCC14967, va Corynebacterium
melassecola ATCC17965 (W02006/070944). Gen yggB cua Corynebacterium
glutamicum ATCC 13032 tuwong Ung voéi trinh ty bd tro cho trinh tu ¢ sd
nucleotit tir 1.336.091 dén 1.337.692 trong trinh tu hé gen dugc dang ki dudi 56
truy cdp Genbank NC_003450 trong co s& dir liéu NCBI, va con dugc goi la
NCgl1221. Protein YggB dugc md hoa boi gen yggB cua Corynebacterium
glutamicum ATCC 13032 dugc ding ki dudi 36 truy cdp Genbank NP_600492.
Ngoai ra, trinh tu nucleotit ciia gen yggB ciia Corynebacterium glutamicum 2256
(ATCC 13869) va trinh ty axit amin cla protein YggB dugc ma hoa bdi gen nay
dugc thé hién trong cdc SEQ ID NO: 9 va 10.

Theo sang ché, gen yggB c6 "su dot bién dic hiéu" duoc dé cap dudi day
con duoc goi la "gen yggB dot bién", va protein dugc ma hda béi gen do cling
duoc goi la "protein YggB dot bién". Hon nita, theo séang ché, gen yggB khong c6
"su dot bién dic hiéu" duoc dé cap dudi day con duge goi la "gen yggB kiéu dai",
va protein duoc mi hda bdi gen dé cling duoc goi la "protein YggB kiéu dai".
Hon nira, lién quan dén protein YggB, sy thay ddi trinh tu axit amin dugc gay ra
béi "su dot bién dic hidu" & gen yggB cling dugc goi la "su dot bién dic hiéu".
Thudt ngtr “kiéu dai" dugc dé cap & day duoc st dung dé phén biét gen ygeB
"kiéu dai" hodc protein YggB "kiéu dai" vé&i gen yggB "dot bién" hodc protein
YggB "dot bién", va gen yggB "kiéu dai" hodc protein YggB "kiéu dai" khong bi
gidi han & gen hodc protein thu dugc dudi dang cac chét tu nhién, mién 13 n6
khong cé "su dot bién dic hiéu". Céc vi du vé protein YggB kiéu dai bao gém
cac protein YggB dugc 14y 1am vi du & trén, nhu protein YggB c6 trinh tu axit
amin cta SEQ ID NO: 10. Céac vi du vé protein YggB kidu dai con bao gbém cac

thé bién di bao toan (cac thé bién di trong d6 chiic nang ban dau cua chiing duoc
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duy tri) clia cac protein YggB duoc ldy lam vi du ¢ trén, véi didu kién 1a cdc the
bién di bao toan khong c6 "su dot bién ddc hiéu". "Chirc nang ban dau" lién quan
dén protein YggB c6 thé 13, vi du, chtrc nang nhu kénh nhay cam co hoc hodc dic
tinh gia tdng muc biéu hién cta né trong vi khuén coryneform lam gia ting kha
nang san xuét axit L-glutamic ctia vi khuén coryneform.

"Sy dot bién dic hiéu" khong bi gidi han mot cach cu thé, mién 1a nd 1am
thay d6i trinh tur axit amin cua protein YggB nhu duoc néu & trén dé bang cach
d6 néng cao kha nang san xuét axit L-glutamic cua vi khuén coryneform. Céc vi
du v& "su dot bién dac hidu" bao gdm sy dot bién & phia dau két thuc C va su dot
bién & ving chuyén mang. "Su dot bién dic hidu" cling c6 thé 1a su két hop cua
céc su dot bién nay.

(1) Su ddt bién & phia dau két thuc C

Su dot bién & phia dau két thac C 1a sy dot bién duoc dua vao trong ving
cla gen yggB kiéu dai ma hoa cho gbc axit amin & céc vi trf 419 dén 533 cua
protein YggB kidu dai. Su dot bién & phia dau két thic C ¢6 thé duge dua vao &
mot hodc nhiéu vi trf trong ving nay. Kiéu thay ddi trinh ty axit amin dugc gy
ra boi su dot bién & phia dau két thuc C khong bi giéi han mdt cach cu thé. Su
d6t bién & phia diu két thic C c6 thé 1a sy dot bién gy ra sy thay thé axit amin
(su dot bién nham nghia), sy xen gbc axit amin, sy loai bd gbc axit amin, sy dua
vao codon két thiic (su dot bién vo nghia), sy dot bién dich khung, hogc su két
hop clia cac dot bién nay. Su dot bién & phia ddu két thic C tot hon 13, vi dy, su
dot bién dé xen trinh tu nucleotit nhu trinh tu xen doan (tir gio tro di duoc goi la
"IS") hodc gen nhay.

(1-1) Su xen trinh tu nucleotit

Céc vi du vé sy dot bién & phia dau két thac C bao gém, vi du, su dot
bién xen trinh tu nucleotit & vi tri ma hoa cho géc valin & vi tri 419 cua protein
YeeB kiéu dai (s dét bién kidu 2A-1). Su dot bién kiéu 2A-1 ¢6 thé 13, vi dy, su
dot bién ma gay ra su loai bd hodc thay thé cho mdt phan hodc toan bo céc gbe
axit amin & céc vi tri 419 dén 533 clia protein YggB kidu dai. Cac vi du cu thé ve
gen yggB dot bién c6 su dot bién kidu 2A-1 bao gbém, vi du, gen yggB chta IS
duoc xen vao vi tri bén canh "G" & vi tri 1255 trong SEQ ID NO: 9, va béng
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cach d6 ma hda cho protein YggB dot bién c6 do dai ddy du 423 gdc amino, ngan
hon do dai cia protein YggB kiéu dai ban dau (SEQ ID NO: 10). Trinh tu
nucleotit cia gen yggB dot bién (V419::IS) va trinh ty axit amin cla protein
YegB dot bién dugc ma hoéa bodi gen dugce thé hién trong cac SEQ ID NO: 11 va
12. Trong SEQ ID NO: 11, céc vi tri 1 dén 1269 tuong ung véi CDS cho protein
YggB d6t bién nay (V419:1IS). Céc vi du cu thé v& vi khuén san xuét axit L-
glutamic c6 gen yggB dot bién (V419::IS) bao gom, vi du, chung C. glutamicum
2256AsucAAldhA ygeB* (W02014/185430).
(1-2) Su thay thé cho cac gbe prolin

Céc vi du vé su dot bién & phia dau két thuc C con bao gém, vi du, su dot
bién ma thay thé gdc prolin hién dién & céc vi tri 419 dén 533 cua protein YggB
kidu dai bang gbc axit amin khac. Cac vi du vé gbc prolin nay bao gdm cac gbe
prolin & cac vi tri 424, 437, 453, 457, 462, 469, 484, 489, 497, 515, 529, va 533
cua protein YggB kidu dai. Tét nhét 1a thay thé (cac) gbc prolin ctia (céc) vi tri
424 va/hoic 437 bing (cac) gbe axit amin khéc. "Axit amin khac" khong bi gidi
han mot cach cu thé midn 13 n6 13 axit amin xuit hién mét cach tu nhién khong
phai 1a prolin. Céc vi du vé "axit amin khéac" bao gf”)m Lys, Glu, Thr, Val, Leu, Ile,
Ser, Asp, Asn, Gln, Arg, Cys, Met, Phe, Trp, Tyr, Gly, Ala, va His. Vi du, tdt hon
1a gbc prolin & vi tri 424 ¢6 thd dugc thay thé bang gbc axit amin ky nude (Ala,
Gly, Val, Leu, hodc Ile), tot hon nira 1a géc axit amin mach nhanh (Leu, Val, hodc
Ile). Hon ntta, vi du, t8t hon 1a gbe prolin & vi tri 437 ¢6 thé duoc thay thé bang
gbc axit amin c6 nhom hydroxyl & mach bén (Thr, Ser, hogc Tyr), t5t hon nira 13
bing gbc Ser.
(2) Su dot bién & ving chuyén mang

Protein YggB dugc cho la c6 ndm vung chuyén mang. C4c ving chuyén
mang nay tuong ung voi gbc axit amin & céc vi trf 1 dén 23 (ving chuyén mang
thit nhat), céc vi tri 25 dén 47 (ving chuyén mang tht hai), cdc vi tri 62 dén 84
(viing chuyén mang th(t ba), céc vi tri 86 dén 108 (ving chuyén mang tht tu), va
cac vi trf 110 dén 132 (ving chuyén mang thtr nim) cua protein YggB kiéu dai.
Su dot bién & ving chuyén mang 12 sy dot bién & cdc ving ma hoa cho cac ving

chuyén mang nay clia gen yggB kidu dai. Su dot bién & ving chuyén mang c6 thé
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duoc dua vao trong mot hoac nhiéu vi trf trong cac viing nay. Sy dot bién & ving
chuyén mang tot hon 1a sy dot bién ma gay ra sy thé doan, su khuyét doan, su
thém doan, su xen doan, hodc su ddo doan ciia mdt hodc vai géc axit amin,
nhung khéng bao gdbm bét ky su dot bién dich khung hogic sy dot bién vo nghia.
6 lugng theo thuat ngit “mdt hodc vai" tbt hon 14 tir 1 dén 20, t6t hon nita la tir
I dén 10, van tét hon nita 1a tir 1 dén 5, t6t nhit 1a tir 1 dén 3. Céc vi dy vé sy dot
bién trong ving chuyén mang bao gbm sy dot bién ma xen mot hodc vai gde axit
amin, nhu Cys-Ser-Leu, vao gifta gbc leuxin & vi tri 14 va gbc tryptophan & vi tri
15; su dot bién ma thay thé gdc alanin & vi tri 100 bang gbc axit amin khéc nhu
gbc axit amin c6 nhém hydroxyl & mach bén (tic 14, Thr, Ser, hodc Tyr), t6t hon
1a gbc Thr; sy dot bién ma thay thé gdc alanin & vi tri 111 bang gbc axit amin
khéc nhu gbe axit amin ¢6 nhém hydroxyl & mach bén (tirc 1a Thr, Ser, hogc Tyr),
t5t hon la gbc Thr; trong protein YggB kiéu dai

Trong sang ché, "gbc axit amin & vi tri X cla protein YggB kiéu dai" co
nghia 13 gbc axit amin tuong tng véi gbc axit amin cta vi tri X trong SEQ ID
NO: 10, trir phi duoc quy dinh khéc. "Vi tri X" trong trinh ty axit amin 13 vi tri
thir X-th tinh tir dau tan cting N ctia trinh tu axit amin, va gdc axit amin clia dau
tan cung N 13 gbc axit amin & vi trf 1. Nghia 1a, cac vi tri néu trén cta gbc axit
amin cho biét c4c vi tri tuong Umg, va céc vi tri x4c thuc cua nd co thé thay d6i
do su khuyét doan, su xen doan, su thém doan, hodc tuong tu cua géc axit amin
hodc cac gdc axit amin. Vi dy, " gbc axit amin & vi tri 419 cua protein YggB kiéu
dai" c6 nghia 13 gdc axit amin twong (mg v&i gbc axit amin clia vi tri 419 trong
SEQ ID NO: 10, va khi mét gbe axit amin dugc loai bo & vi tri & phia dau tan
cung N cua vi tri 419, gbc axit amin thtr 418 tir dAu tan cing N 14 "gdc axit amin
& vi tri 419 ctia protein YggB kidu dai". Hon nfta, khi mot gbc axit amin duoc
xen vao vi tri & phia dau tan cung N ctia vi tri 419, gbc axit amin thir 420 tur dau
tan cung N 13 "gdc axit amin & vi trf 419 cua protein YggB kidu dai". Cu thé, vi
du, gbc axit amin ca cdc vi trf 419 dén 529 cla protein YggB cua
Corynebacterium glutamicum ATCC14967 tuong ung voi gbc axit amin cla cac
vi trf 419 dén 533 ca protein YggB kiéu dai.

Goc axit amin ma 1a "gdc axit amin tuong Gmg véi goc axit amin cua vi
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tri X trong SEQ ID NO: 10" trong trinh ty axit amin ctia protein YggB bét ky ¢6
thé duoc xéac dinh béng cach so sanh trinh tu gifta trinh ty axit amin cta protein
YggB bit ky véi trinh tu axit amin cia SEQ ID NO: 10. Sy so sanh trinh tu c6
thé duoc thuc hién bang cach, vi du, st dung phin mém phén tich gen da biét.
Céc vi du cu thé v& phan mém nhu viy bao gébm DNASIS do Hitachi Solutions
san xuit, GENETYX do Genetyx san xuét, va tuong tu (Elizabeth C. Tyler et al.,
Computers and Biomedical Research, 24 (1) 72-96, 1991; Barton GJ et al,
Journal of Molecular Biology, 198 (2), 327-37, 1987).

Gen yggB dot bién c6 thé thu duge bang céach cai bién gen yggB kiéu dai
dé c6 "su dot bién dic hiéu" néu trén. Sy cai bién ADN c6 thé duoc tién hanh
bang phuong phap da bidt. Vi du, su dot bién dich c6 thé duge dua vao trong vi
tr{ mong mudn ctia ADN nhd phuong phép dot bién diém dic hidu. Cac vi du cu
thé vé& phuong phap dot bién diém dic hiéu bao gdém, vi du, phwong phéap st
dung PCR (Higuchi, R., 61, in PCR Technology, Erlich, H.A. Eds., Stockton
Press, 1989; Carter P, Meth. In Enzymol., 154, 382, 1987), va phuong phéap st
dung thé thuc khuan (Kramer, W. va Frits, H.J., Meth. in Enzymol., 154, 350,
1987; Kunkel, T.A. et al., Meth. in Enzymol., 154, 367, 1987). Hon nita, gen
yggB dot bién cling c6 thé thu duoc bing qua trinh tong hop héa hoc.

Su cai bién vi khudn ma vi khuan cé gen yggB dot bién c6 thé dat duoc
béng cach dua gen yggB dot bién vao trong vi khudn. Sy cai bién vi khuén ma vi
khudn ¢ gen yggB dot bién cling c6 thé dat duogc bing cach dua su dot bién vao
trong gen yggB cua vi khuin nh& sy dot bién tuy nhién hodc qud trinh xr ly bing
t4c nhan gdy dot bién.

Céc phuong phap truyén hodc gia ting kha ning san xuét axit L-glutamic
cling c6 thé duge truyén truyén hodc gia ting hitu hiéu kha ning san xult cac
axit L-amin ma dugc sinh tdng hop nho axit L-glutamic 1am hgp chét trung gian,
nhu L-glutamin, L-prolin, L-arginin, L-xitrulin, va L-ornitin. Vi vay, vi khudn c6
kha ning san sinh axit L-amin bét ky trong sb céc axit L-amin nay ma dugc sinh
tdng hop nho axit L-glutamic c6 thd c¢6 dic tinh von c6 cta vi khuan san xudt
axit L-glutamic nhu néu trén, néu can. Vi du, vi khuan c6 kha ning san sinh axit

L-amin bat ky trong s6 cic axit L-amin ndy ma dugc sinh téng hop nho axit L-
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glutamic c¢6 thé da duoc cai bién sao cho hoat tinh cia a-ketoglutarat
dehydrogenaza va/hodc sucxinat dehydrogenaza duoc giam.
<Vi khuén san xuit L-glutamin>

Céac vi du vé& phuong phap truyén hodc gia ting kha ning san xuét L-
glutamin bao gdm, vi du, phuong phép céi bién vi khuén sao cho hoat tinh hogc
cac hoat tinh ciia mot hodc nhiéu loai enzym dugc chon tir cadc enzym sinh téng
hop L-glutamin dugc gia tang. Céac vi du vé c4c enzym nhu vy bao gdm, nhung
khong bi giéi han mét cach cu thé &, glutamat dehydrogenaza (gdhd) va
glutamin synthetaza (g/nd). Hoat tinh glutamin synthetaza cling c6 thé duge gia
ting bang cach lam dit gy gen glutamin adenylyltransferaza (g/nE) hodc lam
dut gdy gen protein diéu khién PII (g/nB) (EP1229121).

Céac vi du vé& phuong phap truyén hodc gia ting kha ning san xuét L-
glutamin con bao gdm, vi du, phuong phép cai bién vi khuén sao cho hoat tinh
hodc cac hoat tinh cia mdt hodc nhiéu loai enzym ma xtc tic phan Gng tach ra tir
chu trinh sinh téng hop L-glutamin d8 tao ra hop chit khong phai 1 L-glutamin
dugc giam. Cac vi du vé cc enzym nhu vay bao gbm, nhung khéng bi gidi han
mot cach cu thé 6, glutaminaza.

CécViducuthévéVikhuénsénxuétlrghnmnhlvécécchﬁngcharnedé
thu 14y ching bao gdm, vi du, vi khudn coryneform trong d6 hoat tinh hogc cac
hoat tinh cta glutamat dehydrogenaza (gdhd) va/hodc glutamin synthetaza
(glnd) (EP1229121, EP1424398) duoc gia ting, va vi khuén coryneform trong
do6 hoat tinh glutaminaza (don yéu cu cép patent Nhat Ban chua xét nghiém
(Kokai) s6 2004-187684) duoc giam. Céc vi du vé vi khudn san xudt L-glutamin
va céc ching cha me dé thu liy ching bao gbm chiing thudc gibng Escherichia
va co glutamin synthetaza dot bién trong d6 gbc tyrosin & vi tri 397 cla glutamin
synthetaza da dugc thay thé bing gdc axit amin khac (US2003/0148474A).

Céac vi dy vé cac phuong phip truyén hodc gia ting kha ning san xuét L-
glutamin cho hodc trong vi khuén coryneform con bao gdm phuong phép truyén
tinh khang 6-diazo-5-oxo-norleuxin (don yéu cdu cAp patent Nhat Ban chua xét
nghiém (Kokai) s6 3-232497), phuong phap truyén tinh khng chét dong déng
purin va tinh khang methionin sulfoxit (don yéu cdu cép patent Nhat Ban chua
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xét nghiém (Kokai) 6 61-202694), va phuong phap truyén tinh khang axit o-
ketomalonic (don yéu cau cép patent Nhit Ban chua xét nghiém (Kokai) s6 56-
151495). Céc vi du cu thé vé& vi khuén coryneform cé kha ning san xuét L-
glutamin bao gdm, vi du, cac chiing sau day.

Corynebacterium glutamicum (Brevibacterium flavum) AJ11573 (FERM
P-5492, don yéu ciu cap patent Nhat Ban chua xét nghiém (Kokai) s6 56-
151495)

Corynebacterium glutamicum (Brevibacterium flavum) AJ11576 (FERM
BP-10381, don yéu cau cip patent Nhat Ban chua xét nghiém (Kokai) sb 56-
151495)

Corynebacterium glutamicum (Brevibacterium flavum) AJ12212 (FERM
P-8123, don yéu ciu cap patent Nhat Ban chua xét nghiém (Kokai) s6 61-
202694)
<Vi khuén san xuéat L-prolin>

Céc vi du v& cac phuong phap truyén hodc gia ting kha ning san xudt L-
prolin bao gdm, vi du, phuong phép cai bién vi khudn sao cho vi khuan c6 su gia
tang hoat tinh hodc céac hoat tinh ctia mot hodc nhiéu loai enzym duogc chon tir
céc enzym sinh tong hop L-prolin. Céc vi du vé céc enzym nhu vay bao gdm
glutamat-5-kinaza (proB), vy-glutamylphosphat reductaza, va pyrolin-5-
carboxylat reductaza (put4). Pé gia tang hoat tinh cua enzym nay, vi du, gen
proB mi3 hoa glutamat kinaza dugc khir nhay dbi véi su e ché phan hoi béi L-
prolin (patent Dtrc s63127361) co thé duoc vu tién sir dung,

Céc vi du vé cac phuong phap truyén hodc gia ting kha ning san xuét L-
prolin con bao gdm, vi du, phuong phép cai bién vi khudn sao cho vi khuan c6 su
giam hoat tinh cua enzym lién quan dén sy phan hity L-prolin. Céc vi du vé
enzym nay bao gbm prolin dehydrogenaza va ornitin aminotransferaza.

Céac vi du cu thé v& vi khudn san xuét L-prolin va cdc chung cha me dé
thu 14y ching bao gdm, vi du, E. coli NRRL B-12403 va NRRL B-12404 (patent
Anh sb 2075056), E. coli VKPM B-8012 (don yéu cdu cép patent Nga s6
2000124295), cac chung dot bién plasmit E. coli dugc dé cap trong patent Durc
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s6 3127361, cac chung dot bién plasmit E. coli dugc duge trong Bloom F.R. et al.
(The 15th Miami winter symposium, 1983, p. 34), ching E. coli 702 (VKPM B-
8011) 14 ching khang 3,4-dehydroxyprolin va azetidin-2-carboxylat, va ching £.
coli 702ilvA (VKPM B-8012) la chung khuyét gen ilvA cla ching 702
(EP1172433).

<Vi khuén san xuit L-threonin>

Céc vi du vé céc phuong phap truyén hogc gia ting kha ning san xuét L-
threonin bao gdm, vi du, phuong phép cai bién vi khudn sao cho vi khuédn c6 sy
gia ting hoat tinh hodc céc hoat tinh cua mot hoac nhiéu loai enzym dugc chon
tir cdc enzym sinh tong hop L-threonin. Céc vi du vé cac enzym nhu vy bao
gdm, nhung khéng bi gidi han mot cach cu thé &, aspartokinaza III (IysC),
aspartat semialdehyt dehydrogenaza (asd), aspartokinaza I (thArd), homoserin
kinaza (thrB), threonin syntaza (thrC), va aspartat aminotransferaza (aspartat
transaminaza) (aspC). Trong s6 cac enzym nay, t6t hon 13 tang cudng hoat tinh
hodc céc hoat tinh cia mdt hodc nhiéu loai enzym duge chon tr aspartokinaza III,
aspartat semialdehyt dehydrogenaza, aspartokinaza I, homoserin kinaza, aspartat
aminotransferaza, va threonin syntaza. Gen bét ky trong 36 cac gen ma héa céc
enzym sinh tong hop L-threonin ¢6 thé duoc dua vao trong vi khuan ¢ sy gidm
kha ning phéan huy threonin. Cac vi du vé chiing trong d6 su phan hily threonin
duoc kim ham bao gdm, vi du, ching E. coli TDHS6 1a ching khong c6 hoat tinh
threonin dehydrogenaza (don yéu cdu cép patent Nhit Ban chua xét nghiém
(Kokai) s6 2001-346578).

Céc hoat tinh cta cac enzym sinh téng hop L-threonin dugc e ché bang
san phdm cudi, L-threonin. Do vay, d8 tao ra chung san xuét L-threonin, t6t hon
la cdc gen cla cac enzym sinh téng hop L-threonin dugc céai bién sao cho cac
enzym nay dugc khir nhay dbi véi su e ché phan hdi boi L-threonin. Cac gen
thrd, thrB, va thrC néu trén tao thanh operon threonin, ma tao ra cAu tric suy
giam. Muc biéu hién cua operon threonin dugc Gc ché boi isoleuxin va threonin
trong dich nudi cly va cling dugc tc ché boi su suy giam. Do viy, mirc biéu hién
cta operon threonin co thé duoc gia tang bang cach loai bo trinh ty dan dau hoc

doan suy giam trong vung suy giam (Lynn, S.P., Burton, W.S., Donohue, T.J.,
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Gould, R.M., Gumport, R.L, and Gardner, J.F., J. Mol. Biol. 194:59-69 (1987);
W002/26993; W02005/049808; va W0O2003/097839).

Doan khéi ddu nguyén thé cia operon threonin ¢ mat & dong trén cua
operon threonin, va cé thé duoc thay thé bang doan khéi dAu khong nguyén thé
(W098/04715). Ngoai ra, operon threonin ¢ thé dugc tao ra sao cho céc gen
sinh téng hop threonin dugc bidu hién trong didu kién kiém soat gen (rc ché va
dowlkhéidéucﬂathéthuckhuélk(EPOS93792B)QHCntﬁhgVikhu&nduqccéi
bién sao cho né duoc khir nhay ddi véi sy te ché phéan hdi béi L-threonin cling
¢6 thé thu duoc bang cach chon ching khang axit a-amino-B-hydroxyisovaleric
(A}PVLléchétdéngdéngcﬁalfﬂneonhL

T4t hon 13, muc biéu hién cta operon threonin ma dugc cai bién dé dugc
khit nhay dbi v6i su trc ché phan hdi béi L-threonin nhu duge md ta & trén dugce
gia tang & vat chu bing céach gia ting s6 luong ban sao clia n6 hoic béng céch
gén n6 vao doan khéi dAu tiém nang. S luong ban sao c6 thé duoc gia ting bang
cach dua plasmit chira operon threonin vao trong vat chu. S6 luong ban sao cling
c¢6 thé duoc gia ting bang cach chuyén operon threonin dén hé gen cuia vat chi
bang cach sir dung gen nhay, thé thuc khuén Mu, hodc tuong tu.

Céc vi du vé cac phuong phap truyén hodc gia ting kha ning san xuét L-
threonin con bao gém, vi du, phuong phép truyén tinh khang L-threonin cho vat
chu, va phuong phép truyén tinh khang L-homoserin cho vat chil. Tinh khang c6
thd dugc truyén bang cach, vi dy, gia ting mirc biéu hién clia gen ma truyén tinh
khang L-threonin hodc gen ma truyén tinh khang L-homoserin. Cac vi du vé céc
gen ma truyén tinh khang néu trén bao gdm gen rhtA (Res. Microbiol. 154:123-
135 (2003)), gen rhitB (EP0994190A), gen rhtC (EP1013765A), gen )fiK, va gen
yeaS (EP1016710A). V& céc phuong phép truyén tinh khéng L-threonin cho vét
chi, cac phuong phap dugc dé& cap trong EP0994190A va WO90/04636 c6 thé
duqckédén.

Cac vi du cu thé vé vi khuAn san xuét L-threonin va cdc chiing cha me dé
thu 14y ching bao gbm, vi du, E. coli TDH-6/pVIC40 (VKPM B-3996, cac
patent My s 5,175,107 va 5,705,371), E. coli 472T23/pYN7 (ATCC 98081,
patent M§ s6 5,631,157), E. coli NRRL-21593 (patent My s6 5,939,307), E. coli
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FERM BP-3756 (patent My sb 5,474,918), E. coli FERM BP-3519 va FERM
BP-3520 (patent M§ sb 5,376,538), E. coli MG442 (Gusyatiner et al., Genetika
(in Russian), 14, 947-956 (1978)), E. coli VL643 va VL2055 (EP1149911A), va
E. coli VKPM B-5318 (EP0593792B).

Chung VKPM B-3996 la ching thu dugc bang cach dua plasmit pVIC40
vao trong ching TDH-6. Ching TDH-6 c6 kha nang ddng hoa sucroza va khuyét
gen thrC, va gen ilvA cia nd c6 sy dot bién ro. Ching TDH-6 cfing c6 sy dot
bién & gen rhtd, ma truyén tinh khéng d6i v6i ndng d6 cao cta threonin hodc
homoserin. Plasmit pVIC40 1a plasmit thu dugc bang cach xen operon thrA*BC
chira gen thr4 dot bién ma hoa aspartokinaza-homoserin dehydrogenaza I chéng
lai su G ché phan hdi béi threonin va cac gen thrBC kiéu dai vao trong vét
truyén bit ngudn tir RSFI010 (patent M§ sb 5,705,371). Gen thr4 dot bién ma
hoéa aspartokinaza-homoserin dehydrogenaza I ma vé co ban duge khir nhay dbi
v6i su e ché phan hoi béi threonin. Chung B-3996 dugc luu gitt ngay 19 thang
11 nam 1987 & All-Union Scientific Center of Antibiotics (Nagatinskaya Street
3-A, 117105 Moscow, Russia) véi sd truy cdp RIA 1867. Chung nay cling duoc
luu gitt & Russian National Collection of Industrial Microorganisms (VKPM,
FGUP GosNII Genetika, 1 Dorozhny proezd., 1 Moscow 117545, Russia) ngay 7
thdng 4 nam 1987 véi s truy cép VKPM B-3996.

Chung VKPM B-5318 nguyén dudng dbi véi isoleuxin, va mang plasmit
pPRT614, tuong Ung véi plasmit pVIC40 ma c6 vung didu hoa cia operon
threonin duoc thay thé bang gen trc ché Cl thé thuc khuin A mén cam nhiét d6 va
doan khoi ddu PR. Ching VKPM B-5318 dugce luu gitt 6 Russian National
Collection of Industrial Microorganisms (VKPM, FGUP GosNII Genetika, 1
Dorozhny proezd., 1 Moscow 117545, Russia) ngdy 3 thdng 5 ndm 1990 véi 56
truy cap VKPM B-5318.

Gen thr4 ma ma hda aspartokinaza-homoserin dehydrogenaza I cua E,
coli dd duoc giai thich (sb nucleotit tir 337 dén 2799, sb truy cap GenBank
NC_000913.2, gi: 49175990). Gen thrA dugc xéac dinh gilta cac gen thrL va thrB
trén nhidm sic thé cia E. coli K-12. Gen thrB ma ma hoa homoserin kinaza cia

Escherichia coli da dugc giai thich (sb nucleotit tir 2801 dén 3733, sb truy cap
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GenBank NC_000913.2, gi: 49175990). Gen thrB dugc xdc dinh nim gifta cac
gen thrd va thrC trén nhiém sic thé cta E. coli K-12. Gen thrC ma mé hoa
threonin syntaza cta E. coli dd dugc giai thich (s6 nucleotit tir 3734 dén 5020,
GenBank accession NC_000913.2, gi: 49175990). Gen thrC dugc xac dinh nam
gifta gen thrB va khung doc md yaaX trén nhiém séc thé cta E. coli K-12.
Operon thrA*BC chua gen thrA d6t bién ma ma hoa aspartokinaza-homoserin
dehydrogenaza I khang su uc ché phan hdi bai threonin va cac gen thrBC kiéu
dai c6 thé thu dugc tir plasmit pVIC40 da biét, plasmit nay cé trong ching E.
coli san xuét threonin VKPM B-3996 (patent M¥ s6 5,705,371).

Gen rhtA cua E. coli duge x4c dinh & 18 min trén nhidm séc thé E. coli
gén v6i operon glnHPQ, ma mé hoa cac thanh phan ctia hé van chuyén glutamin.
Gen rhtA 1a gibng v6i ORF1 (gen ybiF, s& nucleotit tir 764 dén 1651, s6 truy cap
GenBank AAA218541, gi:440181) va ndm gitta cac gen pexB va ompX. Pon vi
bidu hién protein dugc ma héa béi ORF1 da dugc chi 16 1a gen rht4 (rht: khang
homoserin va threonin). Cling da thay rang su dot bién 7ht423 ma truyén tinh
khang ndng do cao cua threonin hodc homoserin la sy thay thé A cho G & vi tri -1
so v6i codon khoi ddu ATG (ABSTRACTS of the 17th International Congress of
Biochemistry and Molecular Biology in conjugation with Annual Meeting of the
American Society for Biochemistry and Molecular Biology, San Francisco,
California August 24-29, 1997, abstract No. 457; EP1013765A).

Gen asd cla E. coli di dugc giai thich (s6 nucleotit tir 3572511 dén
3571408, s truy cap GenBank NC_000913.1, gi:16131307), va co thé thu duoc
bing qua trinh PCR (White, T.J., et al., Trends Genet, 5:185-189, 1989) st dung
cac doan mdi duoc tao ra trén co sé trinh ty nucleotit clia gen. Cac gen asd cua
céc vi sinh vat khac cing c6 thé thu dugc theo cach tuong ty.

Gen aspC cta E. coli cling da duoc giai thich (s6 nucleotit tr 983742 dén
984932, s6 truy cip GenBank NC_000913.1, gi:16128895), va ¢6 thé thu duoc
bang qua trinh PCR st dung cac doan mdi dugc tao ra trén co s& trinh tu
nucleotit ctia gen ndy. Céac gen aspC cua cac vi sinh vat khac cling ¢6 thé thu
duoc theo cach tuong tu.

Hon nita, cac vi du vé vi khuan coryneform c6 kha ndng sén xuéat L-
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threonin bao gdm, vi du, Corynebacterium acetoacidophilum AJ12318 (FERM
BP-1172, patent M s6 5,188,949).
<Vi khuan san xuét L-lysin>

Céc vi du vé cac phuong phap truyén hoic gia ting kha ning san xut L-
lysin bao gém, vi du, phuong phép céi bién vi khuén sao cho vi khuén c6 su gia
ting hoat tinh hodc cac hoat tinh cia mdt hodc nhiéu loai enzym dugc chon tir
c4c enzym sinh téng hop L-lysin. Céc vi duy vé cac enzym nhu vay bao gbm,
nhung khong bi gidi han mdt cach cu thé &, dihydrodipicolinat syntaza (dapA),
aspartokinaza III (IysC), dihydrodipicolinat reductaza (dapB), diaminopimelat
decarboxylaza (lysA), diaminopimelat dehydrogenaza (ddh) (patent MY 50
6,040,160), phosphoenolpyruvat carboxylaza (ppc), aspartat semialdehyt
dehydrogenaza (asd), aspartat aminotransferaza (aspartat transaminaza) (aspC),
diaminopimelat epimeraza (dapF), tetrahydrodipicolinat sucxinylaza (dapD),
sucxinyl diaminopimelat deaxylaza (dapE), va aspartaza (asp4) (EP1253195A).
T6t hon 13, gia ting hoat tinh hodc c4c hoat tinh ciia mét hodc nhiéu loai enzym
duoc chon tur, vi du, dihydrodipicolinat reductaza, diaminopimelat decarboxylaza,
diaminopimelat dehydrogenaza, phosphoenolpyruvat carboxylaza, aspartat
aminotransferaza, diaminopimelat ~ epimeraza, aspartat  semialdehyt
dehydrogenaza, tetrahydrodipicolinat sucxinylaza, va sucxinyl diaminopimelat
deaxylaza, trong sb cac enzym ndy. Hon nita, vi khudn san xuét L-lysin va céc
ching cha me dé thu 14y chung c6 thé biéu hién muc gia ting clia gen lién quan
dén hiéu qua nang luong (cyo) (EP1170376A), gen mi hoa nicotinamit nucleotit
transhydrogenaza (pntdB) (patent MY s6  5,830,716), gen ybjE
(W02005/073390), hodc dang két hop clia cac gen ndy. Vi aspartokinaza III
(IysC) duoc dem di xtt ly e ché phan hdi boi L-lysin, gen lysC dot bién ma hoa
aspartokinaza III duoc khir nhay dbi v6i su e ché phan hdi boi L-lysin (patent
M§ s6 5,932,453) c6 thé duoc st dung dé gia ting hoat tinh ctia enzym nay. Céc
vi du vé aspartokinaza III dugc khtr nhay d6i véi su e ché phan hoéi bai L-lysin
bao gdm aspartokinaza III thu dugc tir Escherichia coli va ¢ mét hodc nhiéu su
dot bién duge chon tir sy dot bién dé thay thé gbc methionin & vi tri 318 bang

gbc isoleuxin; su dot bién dé thay thé gdc glyxin & vi tri 323 bang gdc axit
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aspartic; va sy dot bién dé thay thé gdc threonin & vi tri 352 bang gbc isoleuxin
(cac patent My s6 5,661,012 va 6,040,160). Hon nita, vi dihydrodipicolinat
syntaza (dapA) dugc dem di xir Iy trc ché phan hdi béi L-lysin, gen dapd dot
bién ma héa dihydrodipicolinat syntaza dugc khir nhay d6i v6i sy (e ché phan
hdi boi L-lysin ¢6 thé duoc st dung dé gia tdng hoat tinh clia enzym nay. Cac vi
du vé dihydrodipicolinat syntaza dugc khir nhay d6i véi sy e ché phan hoi boi
L-lysin bao gdm dihydrodipicolinat syntaza thu dugc tir Escherichia coli va c6
su dot bién dé thay thé gbc histidin & vi trf 118 béng gbc tyrosin (patent M§ s6
6,040,160).

Céc vi du vé cic phuong phép truyén hodc gia ting kha ning san xuét L-
lysin con bao gbm, vi du, phuong phép cai bién vi khuén sao cho vi khudn c6 sy
giam hoat tinh hodc cac hoat tinh ctia mdt hoéc nhiéu loai enzym dugc chon tir
cac enzym ma xUc tac phan Ung tach ra tir chu trinh sinh tdng hop L-lysin dé tao
ra hop chat khac véi L-lysin. Céc vi duy vé cc enzym nhu vdy bao gbm, nhung
khoéng bi gidi han mét cach cu thé &, enzym homoserin dehydrogenaza, lysin
decarboxylaza (patent M§ 36 5,827,698), va malic (WO2005/010175).

Hon nita, cac vi du vé cac phuong phép truyén hodc gia ting kha nang
san xuét L-lysin cho hodc trong vi khuan coryneform con bao gdém phuong phap
cai bién vi khuén sao cho hoat tinh ctia hé gay tiét lysin ([ysE) duoc gia ting
(W097/23597). Gen lysE cta Corynebacterium glutamicum ATCC 13032 tuong
ung véi trinh tu bd trg cho trinh tw c6 sd nucleotit tir 1.329.712 dén 1.330.413
trong trinh ty hé gen dugc dang ki s truy cap Genbank NC_006958 (VERSION
NC_006958.1 GI:62388892) theo co so dif liéu NCBI. Protein LysE cua
Corynebacterium glutamicum ATCC 13032 dugc ding ki s6 truy cdp Genbank
YP 225551 (YP_225551.1 GI:62390149).

Céac vi du v& vi khuén san xudt L-lysin va c4c chung cha me dé thu lay
ching con bao gdm céc ching dot bién c6 tinh khéng chat dong dang L-lysin,
Céc cht ddng ding L-lysin tc ché sy phat trién ctia vi khudn nhu vi khuén thude
ho Enterobacteriaceae va vi khuén coryneform, nhung su (e ché nay duoc giai
phong hoan toan hodc mot phan khi c6 mit L-lysin trong mdi truong. Cac vi du

vé cac chit ddng dang L-lysin bao gbm, nhung khong bi gidi han mdt cach cu
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thé &, oxalysin, lysin hydroxamat, S-(2-aminoetyl)-L-xystein (AEC), v-
metyllysin, va a-clocaprolactam. Cac chung dot bién c6 tinh khang cac chat dong
dang lysin nay c6 thé thu duoc bang cach xir 1y vi khuén bing tac nhan gy dot
bién nhan tao thong thuong.

Céc vi du cu thé v& vi khudn san xuat L-lysin va c4c ching cha me dé thu
l4y ching bao gdm E. coli AJ11442 (FERM BP-1543, NRRL B-12185, patent
MY s6 4,346,170) va E. coli VL611. Trong céc ching ndy, aspartokinaza dugc
khtr nhay dbi véi su trc ché phan héi béi L-lysin.

Céc vi du cu thé ve L-lysin-vi khuén san xuét va cdc ching cha me dé thu
liy ching con bao gdm ching E. coli WC196. Ching WC196 duoc nhan gibng
bing cach truyén tinh khang AEC cho ching W3110, ching nay thu dugc tir E.
coli K-12 (patent M¥ s 5,827,698). Ching WC196 dugc xac dinh 1a E. coli
AJ13069 va dugc luu gitt & National Institute of Bioscience and Human-
Technology, Agency of Industrial Science and Technology (nay la co quan hanh
chinh doc 14p, National Institute of Technology and Evaluation, International
Patent Organism Depositary, #120, 2-5-8 Kazusakamatari, Kisarazu-shi, Chiba-
ken, 292-0818, Japan) ngay 6 thang 12 nam 1994 va duoc ding ki sb truy cép
FERM P-14690. Sau d6, mau luu gitt nay duoc chuyén thanh mau luu gift quéc
té dudi cac diéu khoan cua Hiép udc Budapest ngdy 29 thang 9 nam 1995, va
duoc ding ki sb truy cAp FERM BP-5252 (patent M§ s6 5,827,698).

Cac vi du wu tién vé& vi khuan san xuét L-lysin bao gdm E. coli
WC196AcadAAlde va E. coli WC196AcadAAlde/pCABD2 (W0O2010/061890).
E. coli WC196AcadAAldc 1a chung dugc tao ra tir ching WC196 bang céach lam
dut gdy cac gen cadA va IldcC md hoa lysin decarboxylaza. Chung
WC196AcadAAlde/pCABD2 duogc tao ra bang cach dua plasmit pCABD2 chura
cac gen chira enzym sinh tdbng hop lysin (patent My s6 6,040,160) vao trong
ching WC196AcadAAldc. Ching WC196AcadAAlde, dugc xdc dinh la
AJ110692, duogc luu gitt & co quan hanh chinh ddc 1dp, National Institute of
Advanced Industrial Science and Technology, International Patent Organism
Depositary (nay 1a co quan hanh chinh dc 14p, National Institute of Technology
and Evaluation, International Patent Organism Depositary, #120, 2-3-8
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Kazusakamatari, Kisarazu-shi, Chiba-ken, 292-0818, Japan) ngay 7 thang 10
nim 2008 dudi dang luu gitt qude té, va dugc diang ki sd truy cap FERM BP-
11027. Plasmit pCABD?2 chtra gen dapA dot bién thu duoc tir Escherichia coli va
ma héa dihydrodipicolinat syntaza (DDPS) c6 sw dot bién dé khir nhay déi véi su
tic ché phan hdi béi L-lysin (H118Y), gen lysC ddt bién thu dugc tir Escherichia
coli va m3 hoéa aspartokinaza III cé sy dot bién dé khir nhay dbi véi su tc ché
phan hdi boi L-lysin (T3521), gen dapB thu dugc tir Escherichia coli va mé hoa
dihydrodipicolinat reductaza, va gen ddh thu dugc tx Brevibacterium
lactofermentum va ma hoa diaminopimelat dehydrogenaza.

Céac vi du uu tién v& vi khuln san xuét L-lysin con bao gdm E. coli
AJIKO1 (NITE BP-01520). Chung AJIK01 dugc xac dinh la E. coli AJ111046,
va duoc luu gift & co quan hanh chinh doc 14p, National Institute of Technology
and Evaluation, International Patent Organism Depositary (#122, 2-5-8
Kazusakamatari, Kisarazu-shi, Chiba-ken, 292-0818, Japan) ngay 29 thiang 1
nim 2013. Sau d6, mau nay dugc chuyén thanh luu gift qudc t& dudi céc diéu
khoan ctia Hiép uwdc Budapest ngdy 15 thang 5 nam 2014, va dugc dang ki sO
truy cadp NITE BP-01520.

Céc vi du vé vi khudn coryneform c6 kha ning san sinh L-lysin bao gbm,
vi du, c4c chung dot bién khang AEC (ching Corynebacterium glutamicum
(Brevibacterium lactofermentum AJ11082) (NRRL B-11470) v.v., cac cong b
don yéu ciu cip patent Nhat Ban (Kokoku) s6 56-1914, 56-1915, 57-14157, 57-
14158, 57-30474, 58-10075, 59-4993, 61-35840, 62-24074, 62-36673, 5-11958,
7-112437, va 7-112438); cac ching dot bién c¢6 nhu ciu axit amin nhu L-
homoserin cho su sinh truéng (cac cong bd don yéu cau cip patent Nhat Ban s
48-28078 va 56-6499); cac chung dot bién thé hién tinh khang AEC va c6 nhu
ciu axit amin nhu L-leuxin, L-homoserin, L-prolin, L-serin, L-arginin, L-alanin,
va L-valin (cac patent My sb 3,708,395 va 3,825,472); céc ching dot bién thé
hién tinh khang DL-a-amino-g-caprolactam, c-amino-lauryllactam, chit dong
déng axit aspartic, thudc sulfa, quinoit, va N-lauroylleuxin; cdc ching dot bién
thé hién tinh khang tac nhan tc ché oxaloaxetat decarboxylaza ho#c tic nhén Gc

ché enzym chudi ho hép (céc don yéu cdu cAp patent Nhat Ban chua xét nghiém
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(Kokai) sb 50-53588, 50-31093, 52-102498, 53-9394, 53-86089, 55-9783, 55-
9759, 56-32995, 56-39778, cic cong bd don yéu cau chp patent Nhat Ban sb 53-
43591 va 53-1833); cac chung dot bién c6 nhu cau inositol hodc axit axetic (cac
don yéu ciu cip patent Nhat Ban chua xét nghiém (Kokai) 36 55-9784 va 56-
8692); cac chung dot bién ma man cam véi axit flopyruvic hodc nhiét do bang
hodc cao hon 34°C (cac don yéu cdu clp patent Nhat Ban chua xét nghiém
(Kokai) sb 55-9783 va 53-86090); va céc ching dot bién thé hién tinh khéng
etylen glycol (patent My s6 4,411,997).
<Vi khuén san xudt L-arginin >

Céc vi dy vé cac phuong phép truyén hodc gia ting kha ning sén xuét L-
arginin bao gom, vi du, phuong phap cai bién vi khuan sao cho vi khuén c6 su
gia ting hoat tinh hodc cac hoat tinh ciia mot hodc nhiéu loai enzym dugc chon
tir cAc enzym sinh téng hop L-arginin. Céc vi du vé cac enzym nhu vay bao gbm,
nhung khong bi giéi han mot cach cu thé &, N-axetylglutamat syntaza (arg4), N-
axetylglutamat kinaza (argB), N-axetylglutamyl phosphat reductaza (argC),
axetylornitin transaminaza (argD), axetylornitin deaxetylaza (argE), ornitin
carbamoyl transferaza (argF, argl), argininosucxinat synthetaza (argG),
argininosucxinat lyaza (argH), ornitin axetyl transferaza (argJ), va carbamoyl
phosphat synthetaza (car4B). Dé 1am gen N-axetylglutamat syntaza (arg4), vi du,
gen ma hoa N-axetylglutamat syntaza dot bién duoc khir nhay dbi voi su trc ché
phan hdi boi L-arginin bang su thay thé cho gbc axit amin twong Ung véi céc vi
tri 15 dén 19 cua enzym kiéu dai (EP1170361A) c6 thé duoc uu tién st dung,

Cac vidu cu thé v& vi khuén san xuét L-arginin va cac chung cha me dé
thu 4y chiing bao gdm, vi dy, ching E. coli 237 (VKPM B-7925,
US2002/058315A1), céc chung co ngudn gde tir vi khuén nay duogc dua vao voi
gen arg4 ma hoa N-axetyl glutamat syntaza dot bién (don yéu cau cip patent
Nga s6 2001112869, EP1170361A1), chung E. coli 382 thu dugc tir chung 237
va ¢ khé nang dong héa axit axetic duge cai thién (VKPM B-7926,
EP1170358A1), va chung E. coli 382ilvA+, la chung thu dugc tir chiing 382
bang cach dua gen ilvA kiéu dai tir chung E. coli K-12 vao. Chung E. coli 237

duoc luu gitt & Russian National Collection of Industrial Microorganisms
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(VKPM, FGUP GosNII Genetika, 1 Dorozhny proezd., 1 Moscow 117545,
Russia) ngay 10 thang 4 nam 2000 dudi s truy cap VKPM B-7925, va mau luu
gilt nay duoc chuyén thanh mau luu gitt qubc té dudi cac diéu khoan ctia Hiép
u6c Budapest ngay 18 thang 5 nam 2001. Chung E. coli 382 dugc luu gilr &
Russian National Collection of Industrial Microorganisms (VKPM, FGUP
GosNII Genetika, 1 Dorozhny proezd., 1 Moscow 117545, Russia) ngay 10
thang 4 nam 2000 véi s6 truy cap VKPM B-7926.

Céc vi du vé vi khudn san xuét L-arginin va cdc chung cha me dé thu lay
chung con bao gdm cic chiing cé tinh khang céc chit ddng déng axit amin, va
v.v.. Céc vi du vé cac chiing nhur vy bao gdm cac chung dot bién E. coli c6 tinh
khéng o-metylmethionin, p-flophenylalanin, D-arginin, arginin hydroxamat, S-
(2-aminoetyl)-xystein, o-metylserin, B-2-thienylalanin, hodc sulfaguanidin (don
yéu cau clp patent Nhat Ban chua xét nghiém (Kokai) s6 56-106598).

Céc vi du v& vi khuén san xudt L-arginin va cc ching cha me dé thu 13y
chiing con bao gém vi khuén coryneform lam chiing khuyét ArgR, la gen tic ché
arginin (US2002-0045223A), va ching trong d6 hoat tinh glutamin synthetaza
duoc gia tang (US2005-0014236A).

Céc vi du vé vi khuén san xuét L-arginin va c4c ching cha me dé thu lay
chiing con bao gém cac chiing dot bién ctia vi khuan coryneform, cac ching dot
bién c6 tinh khéng chét dong déng axit amin hodc tuong tw. Cac vi du vé céc
chung nhu vy bao gém, vi dy, c4c ching c6 tinh khang 2-thiazolealanin va con
thé hién tinh khuyét dudng d6i véi L-histidin, L-prolin, L-threonin, L-isoleuxin,
L-methionin, hodc L-tryptophan (don yéu cau cdp patent Nhat Ban chua xét
nghiém (Kokai) s6 54-44096); céc chung khéng axit ketomalonic, axit
flomalonic, hodc axit monofloaxetic (don yéu clu cép patent Nhat Ban chua xét
nghiém (Kokai) s6 57-18989); céc chiing khang argininol (Cong bb don yéu cau
cép patent Nhat Ban No. 62-24075); cac ching khing X-guanidin (X 1a mach
béo hodc dan xuét ctia nd, don yéu cau cép patent Nhat Ban chua xét nghiém
(Kokai) sb 2-186995); va cac ching khéng arginin hydroxamat va 6-azauraxil
(don yéu cau cAp patent Nhat Ban chua xét nghiém (Kokai) s6 57-150381). Céc

vi du cu thé vé ching coryneform c6 kha néng san xuat L-arginin bao gdm cac
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chung sau day.
Corynebacterium glutamicum (Brevibacterium flavum) AJ11169 (FERM
BP-6892)

Corynebacterium glutamicum (Brevibacterium lactofermentum) AJ12092

(FERM BP-6906)

Corynebacterium glutamicum (Brevibacterium flavum) AJ11336 (FERM
BP-6893)

Corynebacterium glutamicum (Brevibacterium flavum) AJ11345 (FERM
BP-6894)

Corynebacterium glutamicum (Brevibacterium lactofermentum) AJ12430
(FERM BP-2228)
<Vi khuén san xuét L-xitrulin va vi khuén san xuét L-ornitin>

L-xitrulin va L-ornitin 14 cdc hop chét trung gian ctia chu trinh sinh tong
hop L-arginin. Do vay, cac vi du vé cac phuong phap truyén hodc gia ting kha
nang san xuat L-xitrulin va/hodc L-ornitin bao gbm, vi du, phuwong phép cai bién
vi khuén sao cho vi khudn c6 sy gia ting hoat tinh hodc céc hoat tinh ctia mét
hodc nhiéu loai enzym dugc chon tlr cac enzym sinh tdng hop L-arginin. Cac vi
du v& cac enzym nhu vay bao gbm, nhung khong bi giéi han mot cach cu thé &,
N-axetylglutamat syntaza (argd), N-axetylglutamat kinaza (argB), N-
axetylglutamyl phosphat reductaza (argC), axetylornitin transaminaza (argD),
axetylornitin deaxetylaza (argE), ornitin carbamoyl transferaza (argF, argl),
ornitin axetyl transferaza (argJ), va carbamoyl phosphat synthetaza (car4B), d6i
v&i L-xitrulin. Hon nira, c4c vi du vé cac enzym nhu vay bao gdm, nhung khong
bi gi6i han mot cach cu thé &, N-axetylglutamat syntaza (argd), N-
axetylglutamat kinaza (argB), N-axetylglutamyl phosphat reductaza (argC),
axetylornitin transaminaza (argD), axetylornitin deaxetylaza (argE), va ornitin
axetyl transferaza (argJ), d6i véi L-ornitin.

Vi khudn san xuét L-xitrulin c¢6 thé thu duoc dé dang tur, vi dy, vi khuén
L-arginin nhu chung E. coli 382 (VKPM B-7926) béng cach giam hoat tinh cla

argininosucxinat synthetaza dugc mé hoa boi gen argG. Ngoai ra, vi khuén san

-40-



31749

xuit L-ornitin c6 thé thu dugc dé dang tir, vi dy, vi khuén L-arginin nhu ching E.
coli 382 (VKPM B-7926) béng cach gidm hoat tinh cta ornitin carbamoyl
transferaza duoc ma hoa badi cac gen argl va argl.

Cac vi du cu thé vé& vi khuan san xuét L-xitrulin va cac ching cha me dé
thu 14y ching bao gdm, vi dy, c4c ching thudc gibng Escherichia, nhu cac ching
E. coli 237/pMADS11, 237/pMADS12, va 237/pMADS13, céc ching nay c6 N-
axetylglutamat syntaza dot bién (patent Nga s6 2,215,783, patent MY sd
6,790,647, va EP1170361B1), cac chung E. coli 333 (VKPM B-8084) va 374
(VKPM B-8086), c4c chung nay c6 carbamoyl phosphat synthetaza khang su tc
ché phan hdi (patent Nga sb6 2,264,459), cac chung E. coli c6 sy gia tidng hoat
tinh a-ketoglutarat syntaza va co sy cai bién hoat tinh cta ferredoxin NADP*
reductaza, pyruvat syntaza, va/hodc  o-ketoglutarat  dehydrogenaza
(EP2133417A); va chung P. ananatis NAlsucAsdhA ma ¢ su giam hoat tinh
cia sucxinat dehydrogenaza va o-ketoglutarat dehydrogenaza (US2009-
286290A1).
<Vi khuén san xut L-histidin>

Céc vi du vé cac phuong phap truyén hoic gia ting kha ning san xudt L-
histidin bao gém, vi du, phuong phép cai bién vi khudn sao cho vi khuan c6 su
gia ting hoat tinh hodc cac hoat tinh ctia mot hoéac nhiéu loai enzym dugc chon
tlr cac enzym sinh téng hop L-histidin. Céc vi du vé cac enzym nhu vay bao gom,
nhung khong bi gidi han mot cach cy thé &, ATP phosphoribosyltransferaza
(hisG), phosphoribosyl AMP xyclohydrolaza (hisl), phosphoribosyl-ATP
pyrophosphohydrolaza  (hisl), phosphoribosylformimino-5-aminoimidazol
carboxamit ribotit isomeraza (his4), amidotransferaza (hisH), histidinol phosphat
aminotransferaza  (hisC), histidinol phosphataza (hisB), va histidinol
dehydrogenaza (hisD).

Trong sd cac enzym ndy, cic enzym sinh téng hop L-histidin dwgc ma
héa boi hisG va hisBHAFI duoc biét 1 dugc tc ché boi L-histidin. Do vy, kha
niang san xuét L-histidin c6 thé duoc truyén hodc gia ting bang cach, vi du, dua
su dot bién dé tao ra tinh khang d6i véi su tre ché phan hdi vao trong gen mé hoa
ATP phosphoribosyltransferaza (hisG) (cac patent Nga s6 2,003,677 va

-41-



31749

2,119,536).

Cac vi du cu thé v& vi khudn san xuét L-histidin va cac ching cha me dé
thu 14y ching bao gbm, vi du, cdc ching thudc gidng Escherichia, nhu chung E.
coli 24 (VKPM B-5945, RU2003677), E. coli NRRL B-12116 dén B-12121
(patent M¥ sb 4,388,405), E. coli H-9342 (FERM BP-6675) va H-9343 (FERM
BP-6676, patent My s& 6,344,347), E. coli H-9341 (FERM BP-6674,
EP1085087), E. coli A180/pFM201 (patent My s6 6,258,554), E. coli FERM P-
5038 va FERM P-5048, ma da dugc dua vao v6i vat truyén mang ADN ma hoa
enzym sinh téng hop L-histidin (don yéu cdu cip patent Nhat Ban chua xét
nghiém (Kokai) s& 56-005099), céc ching E. coli dugc dua gen van chuyén axit
amin vao (EP1016710A), va chiung E. coli 80 ma da dugc truyén tinh khéng
sulfaguanidin, DL-1,2,4-triazol-3-alanin, va streptomyxin (VKPM B-7270,
patent Nga s6 2119536).
<Vi khudn sén xuat L-xystein >

Céc vi du vé cac phuong phap truyén hodc gia ting kha ning san xut L-
xystein bao gdm, vi du, phuong phap cai bién vi khudn sao cho vi khuén c6 su
gia ting hoat tinh hodc cac hoat tinh ctia mdt hoéc nhiéu loai enzym duoc chon
tir cac enzym sinh tong hop L-xystein. Céc vi du vé céc enzym nhu vy bao gdm,
nhung khong bi gidi han mdt cach cu thé &, serin axetyltransferaza (cysE) va 3-
phosphoglyxerat dehydrogenaza (ser4). Hoat tinh serin axetyltransferaza c6 thé
dugc gia tang bang cach, vi dy, dua gen cysE dot bién mi hoéa serin
axetyltransferaza dot bién khang su tc ché phan hodi béi xystein vao trong vi
khudn. Serin axetyltransferaza dot bién dugc dé cap trong, vi dy, don yéu cau
chp patent Nhat Ban chua xét nghiém (Kokai) s6 11-155571 va US2005-
0112731A. Hon nita, hoat tinh 3-phosphoglyxerat dehydrogenaza co6 thé duoc
gia tang bang cach, vi du, dua gen serd dot bién mi héa 3-phosphoglyxerat
dehydrogenaza dot bién khéng sy tc ché phan hoi bai serin vao trong vi khuan.
3-phosphoglyxerat dehydrogenaza dot bién nay duoc dé cap trong, vi du, patent
M5 s6 6,180,373.

Hon nita, cac vi du vé cac phuong phép truyén hodc gia ting kha ning

san xuit L-xystein con bao gdm, vi du, phuong phép cai bién vi khuan sao cho vi
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khuén c6 su giam hoat tinh hodc céc hoat tinh ciia mot hodc nhiéu loai enzym
duoc chon tir cdc enzym ma xtc tdc phan tng tach ra tir chu trinh sinh tdng hop
L-xystein dé tao ra hop chét khac véi L-xystein. Céc vi du vé cac enzym nhu vay
bao gdm, vi du, cac enzym lién quan dén sy phéan hty L-xystein. Céc vi dy vé
cac enzym lién quan dén su phan hity L-xystein bao gbm, nhung khéng bi gidi
han mot cach cu thé &, xystathionin-B-lyaza (metC, don yéu cau cip patent Nhat
Ban chua xét nghiém (Kokai) s6 11-155571; Chandra et al., Biochemistry, 21
(1982) 3064-3069), tryptophanaza (tnad, don yéu cdu cip patent Nhat Ban chua
xét nghiém (Kokai) sb 2003-169668; Austin Newton et al., J. Biol. Chem., 240
(1965) 1211-1218), O-axetylserin sulthydrylaza B (cysM, don yéu cdu cép patent
Nhét Ban chua xét nghiém (Kokai) s& 2005-245311), san phdm gen malY (don
yéu cau cép patent Nhat Ban chua xét nghiém (Kokai) s6 2005-245311), san
pham gen d0191 cua Pantoea ananatis (don yéu cdu clp patent Nhat Ban chua
xét nghiém (Kokai) sb 2009-232844), va xystein desulthydraza (aecD, don yéu
cdu cép patent Nhat Ban chua xét nghiém (Kokai) s6 2002-233384.

Hon nfta, cac vi du vé cac phuong phép truyén hozc gia ting kha nang
san xudt L-xystein con bao gdm, vi du, phuong phdp gia ting hé giy tiét L-
xystein, va phuong phép gia tdng hé vén chuyén sulfat/thiosulfat. Cac vi du vé
cac protein cua h¢ gy tiét L-xystein bao gbm protein duge ma hoa boi gen ydeD
(don yéu cdu cép patent Nhat Ban chua xét nghiém (Kokai) s6 2002-233384),
protein dugc mé hoa bdi gen yfik (don yéu ciu cp patent Nhat Ban chua xét
nghiém (Kokai) s6 2004-49237), cac protein dugec ma hoa boi cac gen emrdB,
emrKY, yojIH, acrEF, bcr, va cusA (don yéu cdu clp patent Nhat Ban chua xét
nghiém (Kokai) s6 2005-287333), va protein dugc ma hoa bdi gen yeasS (don yéu
cAu cép patent Nhat Ban chua xét nghiém (Kokai) s6 2010-187552). Céc vi du
vé cac protein cia hé vin chuyén sulfat/thiosulfat bao gbm céc protein dugc ma
hoa bdi cum gen cysPTWAM.

Céc vi du cu thé vé vi khuén san xudt L-xystein va cac chung cha me dé
thu 14y ching bao gbm, vi du, E. coli IM15 dugc bién nap véi cac alen cysE khac
nhau ma hoa céc serin axetyltransferaza khang nguoc (patent My s6 6,218,168,

don yéu cAu cip patent Nga 2003121601), E. coli W3110 ¢6 gen biéu hién qua
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muc mi héa protein thich hop cho sy tiét chat gay doc té bao (patent My 50
5,972,663), cac ching E. coli c6 sy giam hoat tinh xystein desulfohydraza (don
yéu cau cAp patent Nhat Ban chua xét nghiém (Kokai) s6 11-155571), va E. coli
W3110 ¢6 su gia tidng hoat tinh cda tdc nhan didu hoa phién ma duong tinh cho
regulon xystein dugc ma hoa bdi gen cysB (WO01/27307A1).

Hon nita, cdc vi du vé vi khuln coryneform cé kha ning san xuét L-
xystein bao gdm vi khuan coryneform c6 serin axetyltransferaza dugc khtr nhay
dbi véi su Ge ché phan hoi boi L-xystein béng cach dé thé hién hoat tinh serin
axetyltransferaza ndi bao dugc gia tdng (don yéu cAu cép patent Nhat Ban chua
xét nghiém (Kokai) s6 2002-233384).
<Vi khuén san xuat L-serin>

Céc vi du vé cac phuong phap truyén hodc gia ting kha ning san xuét L-
serin bao gdm, vi du, phuong phép céi bién vi khudn sao cho vi khuén cé su gia
ting hoat tinh hodc cac hoat tinh cia mot hodc nhiéu loai enzym duoc chon tir
c4c enzym sinh tong hop L-serin. Cac vi du vé cac enzym nhu vdy bao gbm,
nhung khong bi gidi han mot cach cu thé &, 3-phosphoglyxerat dehydrogenaza
(serd), phosphoserin transaminaza (serC), va phosphoserin phosphataza (serB)
(don yéu cau cip patent Nhat Ban chua xét nghiém (Kokai) sd 11-253187). Hoat
tinh 3-phosphoglyxerat dehydrogenaza co thé dugc gia tang bang cach, vi dy,
dua gen serd dot bién ma héa 3-phosphoglyxerat dehydrogenaza dot bién khang
sy tc ché phan hdi boi L-serin vao trong vi khuén. 3-phosphoglyxerat
dehydrogenaza dot bién duoc dé cap trong, vi du, patent M§ 56 6,180,373,

Céc vi du v& vi khudn san xuét L-serin va céc chung cha me dé thu lay
chung bao gdm, vi du, vi khuén coryneform khang azaserin hodc B-(2-thienyl)-
DL-alanin va khong cé kha nang phéan hity L-serin (don yéu cdu cap patent Nhat
Ban chua xét nghiém (Kokai) sé 10-248588). Céc vi du cu thé vé vi khuan
coryneform nhu vady bao gom, vi du, Corynebacterium glutamicum
(Brevibacterium flavum) AJ13324 (FERM P-16128) khang azaserin va khong co
kha ning phan hiy L-serin, va Corynebacterium glutamicum (Brevibacterium
Alavum) AJ13325 (FERM P-16129) khang B-(2-thienyl)-DL-alanin va khong c6

kha ning phan huy L-serin (don yéu cau cap patent Nhat Ban chua xét nghiém

-44-



31749

(Kokai) s 10-248588).
<Vi khudn san xuét L-methionin>

Céc vi dy vé vi khuén san xuét L-methionin va cc ching cha me dé thu
14y chiing bao gdm céc ching khuyét dudng L-threonin va cac ching dot bién
khang norleuxin (don yéu cau cép patent Nhat Ban chua xét nghiém (Kokai) s6
2000-139471). Céc vi du vé vi khuén san xuit L-methionin va c4c ching cha me
dé thu 14y ching con bao gdm ching chira homoserin transsucxinylaza dot bién
khang su tc ché phan hdi bdi L-methionin (don yéu cdu cdp patent Nhat Ban
chua xét nghiém (Kokai) s6 2000-139471, US2009-0029424A). Vi L-methionin
duoc sinh téng hop nhe L-xystein 1am hop chét trung gian, kha ning san xuét L-
methionin cling c6 thé duoc cai thién béng céch gia ting kha ning san xuét L-
xystein (don yéu ciu cip patent Nhat Ban chua xét nghiém (Kokai) s6 2000-
139471, US2008-0311632A).

Céc vi du cu thé v& vi khudn san xuét L-methionin va c4c chiing cha me
dé thu 14y ching bao gdm, vi du, E. coli AJ11539 (NRRL B-12399), E. coli
AJ11540 (NRRL B-12400), E. coli AJ11541 (NRRL B-12401), E. coli AJ11542
(NRRL B-12402, patent Anh sd 2075055), ching E. coli 218 (VKPM B-8125,
patent Nga s6 2209248) va ching 73 (VKPM B-8126, patent Nga s6 2215782),
khang norleuxin la chit ddng déng cua L-methionin, va E. coli AJ13425
(FERMP-16808, don yéu cau cip patent Nhat Ban chua xét nghiém (Kokai) s
2000-139471). Ching AJ13425 la chung khuyét dudng L-threonin thu dugc tir E.
coli W3110, trong d6 gen Uc ché methionin dugc loai bo, hoat tinh S-
adenosylmethionin synthetaza ndi bao duogc gidm, va hoat tinh homoserin
transsucxinylaza ndi bao, hoat tinh xystathionin y-syntaza, va hoat tinh
aspartokinaza-homoserin dehydrogenaza II duoc gia tang.
<Vi khuén san xuét L-leuxin>

Céc vi du vé cac phuong phép truyén hoic gia ting kha ning san xuét L-
leuxin bao gdm, vi du, phuong phép cai bién vi khuén sao cho vi khuan c6 su gia
tang hoat tinh hodc céac hoat tinh ctia mot hoac nhiéu loai enzym dugc chon tur
cac enzym sinh téng hop L-leuxin. Cac vi du vé c4c enzym nhu vy bao gbm,
nhung khong bi gidi han mot cach cu thé &, cac enzym duge ma hda boi cac gen
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cua operon leuABCD. Hon nita, dé gia tang hoat tinh ctia enzym, vi du, gen leud
ddt bién ma hoa isopropyl maleat syntaza dugce khir nhay d6i voi su Gre ché phan
hdi boi L-leuxin (patent M§ s4 6,403,342) c6 thé duoc uu tién st dung.

Cac vi du cu thé vé vi khuan san xuit L-leuxin va céc chung cha me dé
thu 14y ching bao gom, vi du, céc chiing thudc gibng Escherichia, nhu céc chung
E. coli khang leuxin (vi dy, chiing 57 (VKPM B-7386, patent My s6 6,124,121)),
cac chung E. coli khéang chat ddng déng leuxin nhu B-2-thienylalanin, 3-
hydroxyleuxin, 4-azaleuxin, va 5,5,5-trifloleuxin (cong bd don yéu cau cp
patent Nhat Ban (Kokoku) sb 62-34397 va don yéu ciu clp patent Nhat Ban
chua xét nghiém (Kokai) s6 8-70879), cac ching E. coli thu dugc bang k¥ thuat
xit 1 gen duge d& cap trong W096/06926, va E. coli H-9068 (don yéu ciu clp
patent Nhat Ban chua xét nghiém (Kokai) sb 8-70879).

Cac vi du vé vi khudn coryneform c6 kha ning san xuét L-leuxin bao
gom, vi du, Corynebacterium glutamicum (Brevibacterium lactofermentum)
AJ3718 (FERM P-2516) khéng 2-thiazol alanin va B-hydroxyleuxin va khuyét
dudng dbi voi isoleuxin va methionin.
<Vi khuén séan xuét L-Isoleuxin>

Céc vi du vé cac phuong phip truyén hodc gia ting kha ning san xuét L-
isoleuxin bao gbém, vi du, phuong phép cai bién vi khuén sao cho vi khuan c6 sy
gia ting hoat tinh hodc cac hoat tinh ctia mot hodc nhiéu cac enzym dugc chon tur
céc enzym sinh tong hop L-isoleuxin. Céc vi du vé cac enzym nhu vy bao gbm,
nhung khong bi gidi han mot cach cu thé &, threonin deaminaza va axetohydroxy
axit syntaza (don yéu cdu clp patent Nhat Ban chua xét nghiém (Kokai) 5§ 2-458,
EP0356739A, patent My s6 5,998,178).

Céac vi du cu thé vé vi khudn san xuit L-isoleuxin va cac chiing cha me
dé thu ldy chung bao gbm, vi du, cac vi khuén Escherichia nhu cdc ching dot
bién c6 tinh khang 6-dimetylaminopurin (don yéu cdu clp patent Nhat Ban chua
xét nghiém (Kokai) s6 5-304969), céc ching dot bién c6 tinh khéng chat dong
déang isoleuxin nhu thiaisoleuxin va isoleuxin hydroxamat, va cac chung dot bién
c6 tinh khéng chét dong ding isoleuxin va con c6 tinh khédng DL-ethionin
va/hodc arginin hydroxamat (don yéu cdu cp patent Nhat Ban chua xét nghiém
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(Kokai) sb 5-130882).

Céc vi du vé vi khuén coryneform c6 kha ning san xuét L-isoleuxin bao
gdm, vi du, vi khuan coryneform trong d6 gen brnE ma héa protein giy tiét axit
amin mach nhanh dugc khuéch dai (don yéu cdu cép patent Nhat Ban chua xét
nghiém (Kokai) sb 2001-169788), vi khudn coryneform ma duoc truyén kha
ning san xuit L-isoleuxin béng cach dung hop thé nguyén sinh véi vi khudn san
xuét L-lysin (don yéu ciu cép patent Nhat Ban chua xét nghiém (Kokai) s6 62-
74293), vi khuén coryneform trong d6 homoserin dehydrogenaza duoc gia ting
(don yéu clu cAp patent Nhat Ban chua xét nghiém (Kokai) sb 62-91193), chung
khang threonin hydroxamat (don yéu clu cip patent Nhat Ban chua xét nghiém
(Kokai) No 62-195293), ching khang axit a-ketomalonic (don yéu cau cép
patent Nhat Ban chua xét nghiém (Kokai) s6 61-15695), ching khang metyllysin
(don yéu cdu cdp patent Nhat Ban chua xét nghiém (Kokai) s6 61-15696), va
Corynebacterium glutamicum (Brevibacterium flavum) AJ12149 (FERM BP-759,
patent M s6 4,656,135).
<Vi khuén san xuét L-valin>

Céc vi du vé céc phuong phap truyén hodc gia ting kha ning san xuét L-
valin bao gém, vi du, phwong phép cai bién vi khuén sao cho vi khuan c6 su gia
ting hoat tinh hodc cac hoat tinh cila mot hodc nhiéu loai enzym dugc chon tir
cac enzym sinh tdng hop L-valin. Cac vi du vé cac enzym nhu vdy bao gbm,
nhung khong bi gidi han mét cach cu thé &, cac enzym dugc mi hoa bdi cac gen
clia operon ilVGMEDA va céc enzym dugc méd héa bdi operon ilvBNC. Gen
ilvBN ma hoéa axetohydroxy axit syntaza, va gen #//vC ma héa isomeroreductaza
(WO00/50624). Céc su biéu hién cua operon ilvGMEDA va operon ilvBNC bi
kim ham (bi giam) béi L-valin, L-isoleuxin, va/hodc L-leuxin. Do véy, dé gia
tang hoat tinh clia enzym nay, t6t hon 1a 1am giam su kim hdm mirc biéu hién cta
L-valin duoc tao ra béng cach loai bd hoac cai bién vung can cho sy suy giam.
Hon nfta, threonin deaminaza dugc mi héa boi gen i/vA4 la enzym xtc tac phan
Ung khir amin ctia L-threonin thu 14y axit 2-ketobutyric, ddy 1a giai doan giéi han
tdc do cua hé sinh téng hop L-isoleuxin. Do vy, dé san xuat L-valin, t6t hon la

gen ilvA bi lam dut gay ching han, va bang cach d6 hoat tinh threonin deaminaza
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duoc giam.

Céc vi du vé cac phuong phép truyén hozc gia ting kha nang sén xuét L-
valin con bao gdm, vi dy, phuong phép cai bién vi khuan sao cho vi khuan c6 su
giam hoat tinh hodc cac hoat tinh ciia mét hoéc nhiéu loai enzym duoc chon tur
cdc enzym ma xuc tac phan Gng tach ra tir chu trinh sinh tdng hop L-valin dé tao
ra hop chét khong phai L-valin. Céc vi du vé céc enzym nhu vy bao gbm,
nhung khong bi gidi han mot cach cu thé &, threonin dehydrataza lién quan dén
su tdng hop L-leuxin, va cac enzym lién quan dén sy tong hop axit D-
pantothenic (WO00/50624).

Céc vi du cy thé vé vi khuén san xuét L-valin va cdc chiing cha me dé thu
ldy ching bao gdm, vi du, céc ching E. coli dugc cai bién dé biéu hién qua mic
operon ilvGMEDA (patent M§ s6 5,998,178).

Céc vi du vé vi khudn san xuét L-valin va céc ching cha me dé thu 13y
ching con bao gdm céc ching dot bién c6 su dot bién vé& amino-axyl t-ARN
synthetaza (patent My s6 5,658,766). Cac vi du vé céc ching nhu vay bao gbm,
vi du, E. coli VL1970 ma c6 sy dot bién trong gen ileS ma hoa isoleuxin t-ARN
synthetaza. E. coli VL1970 dugc luu gift & Russian National Collection of
Industrial Microorganisms (VKPM, FGUP GosNII Genetika, 1 Dorozhny Proezd,
1 Moscow 117545, Russia) ngay 24 thang 6 ndam 1988 voi sd truy cap VKPM B-
4411. Céc vi du vé vi khudn san xuét L-valin va céc ching cha me dé thu lay
ching con bao gdm céac chiing dot bién can axit lipoic cho su sinh trudng
va/hodc khong c6 H-ATPaza (W096/06926).

Céc vi du vé vi khudn san xuét L-valin va cdc ching cha me dé thu 13y
chung con bao gdm céc chiing khang chit ddng dang axit amin hogc chat twong
tu. Céc vi du vé& céc ching nhu vay bao gdém, vi du, cdc ching vi khudn
coryneform ma khuyét dudng ddi véi L-isoleuxin va L-methionin, va khéng D-
riboza, purin ribonucleosit, hodc pyrimidin ribonucleosit, va c¢6 khé nang san
xuét L-valin (FERM P-1841, FERM P-29) (cong bd don yéu ciu cip patent Nhat
Ban sd 53-025034), cac ching vi khuén coryneform khéng polyketit (FERM P-
1763, FERM P-1764) (cong bd don yéu ciu cép patent Nhat Ban s6 06-065314),

va céc chung vi khuan coryneform khéng L-valin trong mdi truong chira axit
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axetic lam ngudn cacbon duy nhét va min cam dbi v6i cac chit ddng déng cua
axit pyruvic (axit flopyruvic v.v..) trong moi truong chira glucoza lam ngudn
cacbon duy nhit (FERM BP-3006, BP-3007) (patent Nhat Ban s6 3006929).

<Vi khudn san xuét L-alanin>

Céc vi du vé vi khuén san xut L-alanin va cdc ching cha me dé thu lay
chiing bao gdm vi khudn coryneform khong c¢6 H*-ATPaza (Appl. Microbiol.
Biotechnol., 2001 Nov., 57(4):534-40) va vi khuén coryneform trong d6 hoat
tinh aspartat B-decarboxylaza dugc gia tang (don yéu ciu clp patent Nhat Ban
chua xét nghiém (Kokai) s6 07-163383).
<Vi khuén san xudt L-tryptophan, vi khuan san xudt L-phenylalanin, va vi khuan
san xuét L-tyrosin>

Céc vi du vé cac phuong phap truyén hodc gia ting kha ning san xuét L-
tryptophan, kha ning san xuét L-phenylalanin, va/hodc kha ning san xuét L-
tyrosin bao gdm, vi du, phuong phép cai bién vi khudn sao cho vi khuédn c6 su
gia ting hoat tinh hodc cac hoat tinh ctia mot hodc nhiéu céc enzym dugc chon tlr
c4c enzym sinh téng hop L-tryptophan, L-phenylalanin, va/hoac L-tyrosin,

Céc vi du vé céc enzym thong thudng ddi v6i cac hé sinh tong hop cua
céc axit amin thom ndy bao gdm, nhung khong bi gidi han mét cach cu thé &, 3-
deoxy-D-arabinoheptulosonat-7-phosphat ~ syntaza (aroG), 3-dehydroquinat
syntaza (aroB), shikimat dehydrogenaza (aroE), shikimat kinaza (aroL), 5-
enolpyruvylshikimat-3-phosphat syntaza (arod), va chorismat syntaza (aroC)
(EP763127B). Cac muc biéu hién cta cac gen ma hoa cdc enzym nay duoc kiém
soat bdi gen Uc ché tyrosin (tyrR), va cic hoat tinh cua céc enzym nay co thé
dugc gia tang bang cach loai bé gen ryrR (EP763127B).

Céac vi du vé& céc enzym sinh tong hop L-tryptophan bao gdm, nhung
khong bi gidéi han mot cach cu thé &, antranilat syntaza (rpE), tryptophan
syntaza (trpAB), va phosphoglyxerat dehydrogenaza (serd). Vi du, bang céch
dua ADN chtra tryptophan operon vao, kha ning san xult L-tryptophan c6 thé
dugc truyén hodc gia ting. Tryptophan syntaza gdm céc c4u tric siéu phén ti o

va B duogc mi héa boi cac gen frpA va trpB. Vi antranilat syntaza dugc uc ché
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phan hdi boi L-tryptophan, gen mé hoa enzym nay duge dua vao voi sy dot bién
dé khir nhay déi véi su Gre ché phan hdi ¢6 thé dugce st dung dé gia tang hoat tinh
cia enzym do. Vi phosphoglyxerat dehydrogenaza dugc uc ché phan hdi béi L-
serin, gen ma hoa enzym nay dugce dua vao véi sy dot bién dé khir nhay dbi véi
su e ché phan hdi ¢6 thé dugc st dung dé gia tang hoat tinh ctia enzym d6. Hon
nira, bang cach gia ting mirc biéu hién cua operon (operon ace) chira gen maleat
syntaza (aceB), gen isoxitrat lyaza (aced), va gen isoxitrat dehydrogenaza
kinaza/phosphataza (aceK), kha ning san xuét L-tryptophan cé thé duogc truyén
hodc duoc gia ting (W02005/103275).

Céc vi du vé céc enzym sinh tong hop L-phenylalanin bao gdm, nhung
khong bi gidi han mot cach cu thé &, chorismat mutaza va prephenat dehydrataza.
Chorismat mutaza va prephenat dehydrataza dugc méi hoa boi gen phed lam
enzym chirc nang kép. Vi chorismat mutaza va prephenat dehydrataza dugc tc
ché phan hdi boi L-phenylalanin, cdc gen ma hoa cac enzym nay duge dua vao
v6i su dot bién dé khir nhay déi véi su e ché phan hdi c6 thé duge sir dung dé
gia tang cac hoat tinh cac enzym do.

Céc vi du vé c4c enzym sinh tong hop L-tyrosin bao gdm, nhung khéng
bi gidi han mot cach cu thé ¢, chorismat mutaza va prephenat dehydrogenaza.
Chorismat mutaza va prephenat dehydrogenaza dugc ma héa boi gen tyrd dudi
dang enzym chirc ning kép. Vi chorismat mutaza va prephenat dehydrogenaza
duoc e ché phan hoi boi L-tyrosin, cac gen ma hoa cac enzym nay dugc dua
vao vé6i su dot bién dé khir nhay ddi véi su e ché phan hdi ¢6 thé duge sir dung
dé gia tang céc hoat tinh cua cac enzym do.

Vi khuén sén xudt L-tryptophan, L-phenylalanin, va/hodc L-tyrosin c6 thé
duoc cai bién sao cho qua trinh sinh tbng hop axit amin thom khac véi axit amin
thom mong mudn dugc gidm. Hon nita, vi khudn san xuét L-tryptophan, L-
phenylalanin, va/hodc L-tyrosin cé thé dugc cai bién sao cho hé hip thu san
phidm phu duoc gia ting. Céc vi du vé san phdm phu bao gdm cac axit amin
thom khdng phai 14 axit amin thom mong mudn. Céc vi du vé gen ma hda hé hép
thu san phdm phu bao gdm, vi du, tmaB va mir 1a cac gen ma hoa hé hép thu L-

tryptophan, pheP, la gen ma hoa hé hép thu L-phenylalanin, va #yrP 1a gen ma
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héa hé hap thu L-tyrosin (EP1484410).

Céc vi du cu thé v& vi khuén san xuét L-tryptophan va cc ching cha me
dé thu 14y ching bao gdm, vi du, E. coli JP4735/pMU3028 (DSM10122) va
JP6015/pMU91 (DSM10123), ma c6 gen trpS dot bién ma hoéa tryptophanyl-
tARN synthetaza bi b4t hoat mét phan (patent My sb 5,756,345), E. coli SV164
ma c6 alen #pE ma hoa antranilat syntaza duogc khir nhay dbi v6i su e ché phan
hdi bdi tryptophan, E. coli SV164 (pGHS) ma c6 alen serd mi hoa
phosphoglyxerat dehydrogenaza dugc khir nhay d6i v6i su e ché phan hoi boi
serin va alen #rpE ma hoéa antranilat syntaza dugc khtr nhay dbi véi su e ché
phan hdi béi tryptophan (patent M§ sb 6,180,373), ching dugc dua vao voi
operon tryptophan chtra alen #pE ma hoa antranilat syntaza duoc khtr nhay d6i
véi sy e ché phan hdi béi tryptophan (cac don yéu cu cép patent Nhat Ban
chua xét nghidm (Kokai) s& 57-71397 va 62-244382, patent My s6 4,371,614), E.
coli AGX17(pGX44) (NRRL B-12263) va AGX6(pGX50)aroP (NRRL B-12264),
ma thiéu hut tryptophanaza (patent M§ s6 4,371,614), E. coli
AGX17/pGX50,pACKG4-pps, ma c6 sy gia tang kha nang san Xuét
phosphoenolpyruvat (W097/08333, patent My s6 6,319,696), va cac ching
thudc gibng Escherichia c6 sy gia tang hoat tinh cua protein dugc mé hoa boi
gen yedA hodc gen yddG (US2003-0148473A1 va US2003-0157667A1).

Céc vi du vé vi khuan coryneform c6 kha ning san xuét L-tryptophan bao
gdm, vi du, Corynebacterium glutamicum AJ12118 (FERM BP-478, patent Nhat
Ban s6 1681002) khang sulfaguanidin, ching nay dugc dua vao voi operon
tryptophan (don yéu cau clp patent Nhat Ban chua xét nghiém (Kokai) s6 63-
240794), va chiing nay duogc dua vao voi gen mé héa shikimat kinaza thu dugc
tir vi khudn coryneform (patent Nhat Ban s6 1994749).

Céc vi du cu thé vé& vi khudn san xuat L-phenylalanin va céc ching cha
me dé thu 14y chung bao gdm, vi du, E. coli AJ12739 (tyrA::Tn10, tyrR) (VKPM
B-8197), ma thiéu hut chorismat mutaza-prephenat dehydrogenaza va gen tc ché
tyrosin (W003/044191), E. coli HW1089 (ATCC 55371), ma chwra gen pheA34
ddt bién ma hoa chorismat mutaza-prephenat dehydrataza dugc khir nhay d6i véi
su trc ché phéan hdi (patent My sb 5,354,672), E. coli MWEC101-b (KR8903681),
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E. coli NRRL B-12141, NRRL B-12145, NRRL B-12146, va NRRL B-12147
(patent My sb 4,407,952). Céc vi du cu thé v& vi khudn san xuét L-phenylalanin
va cac chung cha me dé& thu ldy ching con bao gdm, vi du, E. coli K-12
<W3110(tyrA)/pPHAB> (FERM BP-3566), E. coli K-12
<W3110(tyrA)/pPHAD> (FERM BP-12659), E. coli K-12
<W3110(tyrA)/pPHATerm> (FERM BP-12662), va E. coli K-12 AJ12604
<W3110(tyrA)/pBR-aroG4, pACMAB> (FERM BP-3579), ma chira gen mé hoa
chorismat mutaza-prephenat dehydrataza dugc khir nhay dbi voi su e ché phan
hdi (EP488424B1). C4c vi du cu thé vé vi khuén san xuét L-phenylalanin va cac
ching cha me dé thu 14y chung con bao gbm, vi du, cac ching thudc gidng
Escherichia c6 su gia ting hoat tinh cta protein dugc ma hoa boi gen yedd hodc
gen yddG (US2003-0148473A, US2003-0157667A, W0O03/044192).

Céc vi du vé vi khudn coryneform cé kha ning san xuét L-phenylalanin
bao gdm, vi du, cac ching Corynebacterium glutamicum BPS-13 (FERM BP-
1777), K77 (FERM BP-2062), va K78 (FERM BP-2063) (EP331145A, don yéu
cau cip patent Nhat Ban chua xét nghiém (Kokai) s6 02-303495), trong d6 hoat
tinh phosphoenolpyruvat carboxylaza hodc pyruvat kinaza duge giam, va chung
khuyét dudng tyrosin (don yéu cdu cip patent Nhat Ban chua xét nghiém
(Kokai) s6 05-049489).

Céc vi du vé vi khuan coryneform cé kha nang san xuét L-tyrosin bao
gdm, vi du, Corynebacterium glutamicum AJ11655 (FERM P-5836, cong b6 don
yéu ciu cp patent Nhat Ban No. 2-6517), va Corynebacterium glutamicum
(Brevibacterium lactofermentum) AJ12081 (FERM P-7249, don yéu cau cép
patent Nhat Ban chua xét nghiém (Kokai) 36 60-70093).

Hon nita, cc vi du vé cac phuong phap truyén hodc gia ting kha ning
san sinh axit L-amin bao gdm, vi du, phuong phép cai bién vi khudn sao cho vi
khuén cé sur gia tang hoat tinh d8 tiét axit L-amin tir t& bao vi khuén. Hoat tinh
tiét axit L-amin c6 thé duoc gia ting bang cach, vi dy, gia tdng mic biéu hién
clia gen mé hoa protein chiu trach nhiém vé su tiét axit L-amin. Céc vi du vé céc
gen ma hoa cac protein chiu trach nhiém vé su tiét cac axit amin khac nhau bao

gdm, vi du, gen b2682 (ygaZ), gen b2683 (ygaH), gen b1242 (ychE), va gen
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b3434 (yhgN) (don yéu cu cip patent Nhit Ban chua xét nghiém (Kokai) 5O
2002-300874).

Hon nita, cac vi du vé cac phuong phép truyén hodc gia ting kha nang
san sinh axit L-amin con bao gdm, vi du, phuwong phép cai bién vi khuan sao cho
vi khuén c6 su gia ting hoat tinh ho#c cac hoat tinh ctia mot hodc nhiéu protein
duoc chon tir cac protein lién quan dén qua trinh chuyén hoéa dudng va céc
protein lién quan dén qu4 trinh chuyén hoa nang luong.

Céc vi du v& céc protein lién quan dén qua trinh chuyén héa dudng bao
gdm cac protein lién quan dén su hip thu sacarit va cdc enzym hé phén giai
glucoza. Céc vi du vé cic gen mi hoa protein lién quan dén qua trinh chuyén
héa dudng bao gébm gen glucoza-6-phosphat isomeraza (pgi, WO01/02542),
gen pyruvat carboxylaza (pyc, WO099/18228, EP1092776A), gen
phosphoglucomutaza (pgm, WO03/04598), gen fructoza bisphosphat aldolaza
(pfkB, fbp, W003/04664), gen transaldolaza (talB, WOO03/008611), gen
fumaraza (fum, WOO01/02545), gen hdp thu sucroza phi-PTS (csc,
EP1149911A), va gen déng hoa sucroza (operon scrAB, patent MY 56
7,179,623).

Cac vi du vé cac gen ma hoa céc protein lién quan dén qua trinh chuyén
héa nang luong bao gdm gen transhydrogenaza (pntAB, patent M§ 56
5,830,716) va gen oxidaza kiéu xytocrom bo (cyoB, EP1070376A).

Hon nita, cac vi du vé cac phuong phap truyén hodc gia ting kha ning
san xudt cac chét hitu ich nhu c4c axit L-amin bao gém, vi du, phuong phap cai
bién vi khudn sao cho hoat tinh ctia phosphoketolaza duoc gia ting
(WO2006/016705). Vi vay, vi khudn theo sang ché c6 thé da dugc cai bién sao
cho hoat tinh ctia phosphoketolaza dugc gia tang. Phuong phap nay ¢ thé truyén
hoic gia ting kha ning san sinh axit L-amin thudc ho glutamat nhu axit L-
glutamic mot cach rét hitu hiéu. Cac vi du vé& phosphoketolaza bao gbm D-
xyluloza-5-phosphat phosphoketolaza va fructoza-6-phosphat phosphoketolaza.
Mot hoat tinh trong sb hoat tinh D-xyluloza-5-phosphat phosphoketolaza va hoat
tinh fructoza-6-phosphat phosphoketolaza c6 thé duoc gia ting, hodc ca hai hoat

tinh ¢6 thé déu duoc gia ting.
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Thuét nglt “hoat tinh D-xyluloza-5-phosphat phosphoketolaza" la dé chi
hoat tinh chuyén héa xyluloza-5-phosphat thanh glyxelaldehyt-3-phosphat va
axetyl phosphat véi sy tiéu thu axit phosphoric dé giai phong mot phan tir HyO.
Hoat tinh nay c6 thé dugc do bang phuong phap dugc md ta boi Goldberg, M. et
al. (Methods Enzymol., 9, 515-520, 1996) hodc phuong phip duge moé ta bdi L.
Meile (J. Bacteriol., 183:2929-2936, 2001). Cac vi du vé D-xyluloza-5-phosphat
phosphoketolaza bao gdm cac D-xyluloza-5-phosphat phosphoketolaza cia céac
vi khudn thudc cac gidng Axetobacter, Bifidobacterium, Lactobacillus,
Thiobacillus, Streptococcus, Metylococcus, Butyrivibrio, va Fibrobacter, va ndm
men thudc cac gibng Candida, Rhodotorula, Rhodosporidium, Pichia, Yarrowia,
Hansenula, Kluyveromyces, Saccharomyces, Trichosporon, va Wingea. Cac vi du
cu thé vé D-xyluloza-5-phosphat phosphoketolaza va cac gen mé hda ching
dugc d& cap trong W02006/016705.

Thuat ngit “hoat tinh fructoza-6-phosphat phosphoketolaza" la dé chi
hoat tinh d& chuyén hoéa fructoza-6-phosphat thanh erythroza-4-phosphat va
axetyl phosphat véi sy tiéu thy axit phosphoric dé giai phong mot phén tir HO.
Hoat tinh nay co thé duge do bang phuong phap dugc md ta boi Racker, E.
(Methods Enzymol., 5, 276-280, 1962) hodc phuong phip dugc mé ta boi L.
Meile (J. Bacteriol., 183:2929-2936, 2001). Céc vi du vé fructoza-6-phosphat
phosphoketolaza bao gdm fructoza-6-phosphat phosphoketolaza cua céac vi
khudn thudc céc gibng Axetobacter, Bifidobacterium, Chlorobium, Brucella,
Metylococcus, va Gardnerella, va ndm men thudc cac gidng Rhodotorula,
Candida, va Saccharomyces. Cac vi du cu thé vé& fructoza-6-phosphat

phosphoketolaza va cac gen ma hoa chung dugc dé cap trong W0O2006/016705.
C4a hoat tinh D-xyluloza-5-phosphat phosphoketolaza va hoat tinh

fructoza-6-phosphat phosphoketolaza cling ¢ thé duoc giit lai béi enzym don 1&
(nghia 13, D-xyluloza-5-phosphat phosphoketolaza/fructoza-6-phosphat
phosphoketolaza).

Trinh tu nucleotit ctia gen phosphoketolaza (gen xfp) cua Bifidobacterium
longum JCM1217 va trinh tu axit amin cia phosphoketolaza dugc mé héa bdi

gen (Xfp protein) duogc thé hién trong cac SEQ ID NO: 13 va 14.
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Céc gen va céc protein dugc sir dung dé nhan gibéng vi khun san xudt
axit L-amin c6 thé cd, vi du, cac trinh tu nucleotit va céc trinh tyr axit amin cia
c4c gen va céac protein da biét nhu duge 14y 1am vi du & trén. Ngoai ra, cic gen
va cdc protein dugc sir dung dé nhén gibng vi khudn san xuét axit L-amin c6 thé
1a céc thé bién di bao toan clia céc gen va céc protein da biét, nhu dugc 14y lam
vi du & trén. Cu thé, vi du, cac gen dugc st dung dé nhan gidng vi khuan san
xuét axit L-amin c6 thé 13 gen ma hoa protein c6 trinh ty axit amin ctia protein d&
biét, nhung bao gém su thé doan, khuyét doan, xen doan, hodc thém doan cua
mot hodc vai géc axit amin & mot hodc vai vi tri, mién 1a chtrc ning ban dau cla
né duoc duy tri. Dbi véi cac thé bién di bao toan cla cac gen va cac protein, cac
phan mo ta lién quan dén céc thé bién di bao toan clia gen mang hép thu axit C4-
dicarboxylic va vat mang hép thu axit C4-dicarboxylic dugc dé cap duéi day co
thé duoc ung dung, véi cac thay dbi can thiét.
<1-2> Su gia tdng hoat tinh vat mang hép thu axit C4-dicarboxylic

Vi khudn theo sang ché d3 dugc cai bién sao cho hoat tinh ctia vat mang
hép thu axit C4-dicarboxylic dugc gia tang. Vi khudn theo sang ché da dugc cai
bién cu thé sao cho hoat tinh ctia vat mang hép thu axit C4-dicarboxylic dugc gia
ting so v6i chiing khong dugc cai bién. Vi khuin theo sang ché ¢6 thé thu dugc
bing cach cai bién vi khuan c6 kha ning san sinh axit L-amin sao cho hoat tinh
ctia vat mang hap thu axit C4-dicarboxylic dugc gia tang. Vi khuén theo sang ché
cling c6 thé thu dugc bing céch cai bién vi khuén sao cho hoat tinh ctia vit mang
hép thu axit C4-dicarboxylic dugc gia ting, va sau do truyén hodc gia ting kha
nang san sinh axit L-amin. Vi khuén theo sang ché cling c6 thé 13 vi khudn ma da
thu dugc kha ning san sinh axit L-amin béng cach duoc cai bién sao cho hoat
tinh cta vit mang hép thu axit C4-dicarboxylic dugc gia ting. Vi khuén theo
sang ché c6 thé co, néu cin, dic tinh vén cé ctia vi khuén san xuét axit L-amin
nhu néu trén, cling nhu dugc cai bién sao cho hoat tinh ctia vat mang hép thu axit
C4-dicarboxylic dugc gia tang. Vi du, vi khuén theo sang ché c6 thé da duoc cai
bién sao cho hoat tinh ctia phosphoketolaza dugc gia tdng. Cac sy céi bién dé
hinh thanh vi khuén theo séng ché c6 thé dugc tién hanh theo trinh tu bat ky.

Bang céch cai bién vi khuan sao cho hoat tinh ctia vt mang hép thu axit
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C4-dicarboxylic dugc gia ting, kha nang san sinh axit L-amin cta vi khuén c6
thé duoc cai thién, va mirc san xuét axit L-amin bang cach st dung vi khuén co
thé duoc gia tang. Cu thé, mong mubn ring, bang cach ci bién vi khuén sao cho
hoat tinh cta vt mang hip thu axit C4-dicarboxylic dugc gia tang, kha nang san
sinh axit L-amin cta vi khuén trong céc diéu kién & d6 axit L-aspartic duoc tao
ra dudi dang san phdm phu co thé duoc cai thién, va nghia 13, mac san Xuét axit
L-amin bang cach st dung vi khuén c6 thé duoc gia ting. Cac vi du vé "su gia
ting mérc san xuét axit L-amin" bao gdm cai thién (gia ting) lwong axit L-amin
tich tu trong moi trudong. Nghia la, nho sy gia tang hoat tinh ctua vat mang hép
thu axit C4-dicarboxylic nhu DctA protein, cu thé hon, nho gia ting miic biéu
hién cia gen mang hép thu axit C4-dicarboxylic nhu gen dctd, chang han, lugng
tich tu cla axit L-amin nhu axit L-glutamic trong moi truong co thé dugc cai
thién (duogc gia tang). Hon nita, cu thé, ngudi ta mong mudn rang, bang céach cai
bién vi khudn sao cho hoat tinh ctia vt mang hép thu axit C4-dicarboxylic dugc
gia tdng, su tao ra san pham phu axit L-aspartic ¢4 thé duoc giam.

Sau day, cac vat mang hép thu axit C4-dicarboxylic va cdc gen ma héa
ching s& dugc giai thich.

Thudt nglr “vat mang hép thu axit C4-dicarboxylic" 1a dé cép dén protein
¢6 hoat tinh hap thu axit C4-dicarboxylic. Thuét ngft “hoat tinh hép thu axit C4-
dicarboxylic" 1a d& cap dén hoat tinh hap thu axit C4-dicarboxylic (axit
carboxylic ¢6 4 nguyén tir cacbon) tir bén ngoai té bao dén bén trong té bao. Cac
vi du vé axit C4-dicarboxylic bao gdm axit aspartic. Gen ma hoa vat mang hép
thu axit C4-dicarboxylic con dugc goi la "gen mang hép thu axit C4-
dicarboxylic".

Céc vi du vé& gen mang hép thu axit C4-dicarboxylic bao gbm gen dctd,
gen dcud, va gen deuB. Céc protein duge mé hoa béi gen detd, gen deud, va gen
deuB con dugc goi 1 "protein DctA", "protein DcuA", va "protein DcuB". Tat ca
céc protein nay c6 hoat tinh hép thu axit aspartic. Trong sdng ché, hoat tinh cta
mdt loai vat mang hip thu axit C4-dicarboxylic c6 thé duogc gia tang, hodc cac
hoat tinh ctia hai hodc nhiéu loai vat mang hép thu axit C4-dicarboxylic c6 thé

duoc gia tang. Nghia la, vat mang hép thu axit C4-dicarboxylic ma c6 hoat tinh
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duoc gia tang c¢6 thé bao gdm mot hodc nhiéu loai protein dugc chon tir protein
DctA, protein DcuA, va protein DcuB. Hoat tinh cua vat mang hép thu axit C4-
dicarboxylic ¢6 thé dugc gia ting béng cach, vi du, gia ting muc biéu hién cta
gen mang hép thu axit C4-dicarboxylic. Ttc 1a, cum tir "hoat tinh clia vét mang
hap thu axit C4-dicarboxylic dugc gia tang" ¢ thé c6 nghia 13, vi du, muc biéu
hién ctia gen mang hép thu axit C4-dicarboxylic duoc gia tang. Cum tr "hoat
tinh ctia vat mang hip thu axit C4-dicarboxylic dugc gia tang" cling c6 thé ¢
nghia 14, vi du, muc bidu hién ctia mot hodc nhiéu loai gen duoc chon tir gen
dctA, gen dcud, va gen deuB duogc gia tang.

Céc vi du vé gen mang hip thu axit C4-dicarboxylic bao gdm céc gen clia
cac sinh vat khac nhau nhu cac vi khuén thudc ho Enterobacteriaceae va céac vi
khuén coryneform. Céc trinh tu nucleotit ciia cdc gen mang hép thu axit C4-
dicarboxylic thu dugc tir cac sinh vét khac nhau va céc trinh ty axit amin cua cac
vat mang hép thu axit C4-dicarboxylic dugc ma héa béng cach dé cé thé thu
duoc tir, vi du, co s¢ dit liéu chung nhu NCBI. Céc vi du cu thé vé gen dctA bao
gbm, vi du, gen dectd (NCgl2506) cta C. glutamicum va gen dctd cia E. coli.
Céac vi du cu thé vé gen dcuA bao gém, vi du, gen dcuA cia E. coli. Cac vi du cu
thé vé gen dcuB bao gbm, vi du, gen dcuB cla E. coli. Trinh ty nucleotit clia gen
detd (NCgl2506) cua C. glutamicum 2256 (ATCC 13869) va trinh ty axit amin
cua protein dugc mé hoa bdi gen dugce thé hién trong cac SEQ ID NO: 15 va 16.
Trinh tu nucleotit ctia gen dectA (NCBI GenelD: 948039) cta E. coli K-12
MG1655 va trinh ty axit amin cta protein dugc méa hoa bdi gen duogc thé hién
trong céc SEQ ID NO: 17 va 18. Trinh ty nucleotit clia gen deud (NCBI GenelD:
948659) cua E. coli K-12 MG1655 va trinh ty axit amin ctia protein dugc mé hoa
boi gen duge thé hién trong cac SEQ ID NO: 19 va 20. Trinh ty nucleotit cua gen
dcuB (NCBI GenelD: 948641) cua E. coli K-12 MG1655 va trinh ty axit amin
cua protein dugc ma hoa badi gen dugce thé hién trong cac SEQ ID NO: 21 va 22.
Thc 14, gen mang hép thu axit C4-dicarboxylic ¢ thé 13, vi dy, gen c6 trinh ty
nucleotit ciia gen bét ky trong sb cac gen vat mang hép thu axit C4-dicarboxylic
duoc 14y 1am vi du & trén, nhu trinh ty nucleotit dugc thé hién dudi dang SEQ ID

NO: 15, 17, 19, hoac 21. Ngoai ra, vat mang hép thu axit C4-dicarboxylic c6 thé
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13, vi du, protein c6 trinh ty axit amin cua vat mang bét ky trong s6 céc vat mang
hép thu axit C4-dicarboxylic dugc 14y 1am vi du & trén, nhu trinh tu axit amin
duoc thé hién dudi dang SEQ ID NO: 16, 18, 20, hoac 22. Cum tir "gen hoéac
protein c6 trinh tu nucleotit hodc trinh ty axit amin" ¢6 nghfa la gen hodc protein
chira trinh tu nucleotit hodc trinh tu axit amin trir phi duoc quy dinh khéc, va con
bao gbm cac truong hgp & d6 gen hodc protein gdm trinh tu nucleotit hodc trinh
tu axit amin.

Gen mang hip thu axit C4-dicarboxylic ¢6 thé 13 thé bién di cia gen bat
ky trong s céc gen mang hép thu axit C4-dicarboxylic dugc 14y lam vi du & trén
(vi du, gen cd trinh ty nucleotit dugc thé hién nhu SEQ ID NO: 15, 17, 19, hoac
21), mién 1a chtic ning ban dau cua né dugc duy tri. Twong tyu, vat mang hép thu
axit C4-dicarboxylic c6 thé 1a thé bién di cia vat mang bt ky trong sb cac vat
mang hip thu axit C4-dicarboxylic dugc ldy l1am vi du & trén (vi dy, protein c6
trinh tu axit amin dugc thé hién duéi dang SEQ ID NO: 16, 18, 20, hodc 22),
mién 13 chirc ning ban dau ctia né duoc duy tri. Thé bién di ma gitt duge chic
ning ban diu cta né con duge goi la "thé bién di bao toan". C4c thuét ngft "gen
dctA", "gen dcud", va "gen dcuB" bao gdm khong chi gen dctd, gen deud, va
gen deuB dugc 14y lam vi du & trén, ma con bao gdm céc thé bién di bdo toan clia
ching. Tuong tu, cdc thuét nglt "protein DctA", "protein DcuA”, va "protein
DcuB" bao gém khong chi protein DctA, protein DcuA, va protein DeuB duge
l4y 1am vi du & trén, ma con bao gdm céc thé bién di bao toan ctia chiing. Cac i
du vé céc thé bién di bao toan bao gém, vi du, cac thé tuong déng va cac kiéu cai
bién nhan tao cua céc gen mang hap thu axit C4-dicarboxylic va cdc vat mang
hip thu axit C4-dicarboxylic dugc ly lam vi du & trén.

Cum tlr "chirc nang ban dau duoc duy tri" ¢ nghia la thé bién di clia gen
hodc protein c6 chtic ning (nhu hoat tinh hodc déc tinh) twong Gng voi chue
ning (nhu hoat tinh hodc déc tinh) cia gen hodc protein ban dau. Cum tir "chirc
ning ban dau duoc duy tri" dugc dung cho gen c6 nghia 1a thé bién di cia gen
m4 héa protein ma gilt dugc chirc nang ban dau. Tuc 13, cum tr "chlrc ning ban
dau duoc duy tri" dugc dung cho gen mang hdp thu axit C4-dicarboxylic co

nghia 12 thé bién di clia gen ma héa protein c6 hoat tinh hp thu axit C4-
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dicarboxylic, nhu hoat tinh hép thu axit aspartic. Hon nita, cum tir "chirc nidng
ban dau duoc duy tri" dung cho vat mang hép thu axit C4-dicarboxylic ¢6 nghia
13 thé bién di cua protein co6 hoat tinh hép thu axit C4-dicarboxylic, nhu hoat tinh
hép thu axit aspartic.

Hoat tinh hip thu axit C4-dicarboxylic cta protein c6 thé dugc do bang
cach, vi du, U cac té bao vi khuan biéu hién protein véi axit C4-dicarboxylic, va
do su hép thu axit C4-dicarboxylic phu thudc protein trong céc té bao.

Sau day, cdc vi du v& cac thé bién di bao toan s& dugc giai thich.

Céc thé twong ddng clia cic gen mang hép thu axit C4-dicarboxylic hodc
c4c thé tuong ddng cla céc vat mang hédp thu axit C4-dicarboxylic co thé thu
duoc dé dang tlr co s& dit liéu chung béng cach, vi du, tra ciru BLAST hodc tra
ctru FASTA st dung trinh tu nucleotit bét ky clia cAc gen vat mang hép thu axit
C4-dicarboxylic dugc ldy 1am vi du & trén hogc trinh ty axit amin bat ky clia cac
vat mang hép thu axit C4-dicarboxylic dugc 14y 1am vi du & trén lam trinh tu truy
vAn. Hon nita, cac thé twong ddng cua cic gen mang hép thu axit C4-
dicarboxylic c6 thé thu duoc br?mg cach, vi du, PCR st dung nhiém sic thé cua
cécshﬂlvétkhécnhaulén1khu6n1n§u,vécécohgonudeoﬁtduqctmaniuénco
s& trinh tu nucleotit bat ky clia cac gen mang hép thu axit C4-dicarboxylic da
lﬁétnéylénlcécdoanrnéL

Gen mang hép thu axit C4-dicarboxylic ¢6 thé 14 gen ma hoa protein co
trinh tw bt ky trong s céc trinh ty axit amin néu trén (vi dy, trinh ty axit amin
nhu duoc thé hién dudi dang SEQ ID NO: 16, 18, 20, hodc 22), nhung con gém
césuthédoan,khuyétdoan,xmldoan,vw%oécthén1downcﬁarn@thoécvéigéc
axit amin & mot hodc vai vi tri, mién 1a chirc ning ban dau dugc duy tri. Vi dy,
d4u tan cung N va/hoic déu tan cing C cta protein dugc ma hoa co thé duoc kéo
dai hogc rit ngin lai. Mic du sb lugng & ddy dugc xéc dinh boi thuat nglt “mot
hodc vai" néu trén co thé khac nhau tuy thudc vao céc vi tri cia géc axit amin
trong céu tric ba chiéu cua protein hodc cac kiéu gbc axit amin, cu thé, sb luong
ndy 13, vi du, 1 dén 50, 1 dén 40, hogic 1 dén 30, tt hon 1a 1 dén 20, tot hon nita
14 1 dén 10, vAn tdt hon nira 1a 1 dén 5, tot nhat 1a 1 dén 3 gbc.

Su thé doan, 1<huyét doan, xen doan va/hodc thém doan néu trén cua maot
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hodic vai gbe axit amin 1a su dot bién bao toan ma gitt dugc chic ning binh
thuong cua protein. Cac vi du cu thé vé dot bién bao toan 1a cac su thé doan bao
toan. Su thé doan bao toan 1a sy dot bién trong d6 su thay thé dién ra qua lai gitta
Phe, Trp, va Tyr, néu vi tri thay thé 13 axit amin thom; gitta Leu, Ile, va Val, néu
né 1a axit amin ky nudc; gitta Gln va Asn, néu né 13 axit amin phan cuc; gilta Lys,
Arg, va His, néu né 13 axit amin kiém; gitta Asp va Glu, néu no 1a axit amin axit;
va gitta Ser va Thr, néu né 13 axit amin ¢ nhom hydroxyl. Cac vi du vé céc su
thé doan dugc cho 1a céc su thé doan bao toan bao gém, cu thé, su thay thé cta
Ser hodc Thr cho Ala, sy thay thé cua Gln, His, ho#ic Lys cho Arg, su thay thé
cua Glu, Gln, Lys, His, hodc Asp cho Asn, su thay thé ctia Asn, Glu, hodc Gln
cho Asp, su thay thé cua Ser hodc Ala cho Cys, sy thay thé cua Asn, Glu, Lys,
His, Asp, hodc Arg cho Gln, sy thay thé cua Gly, Asn, Gln, Lys, hodc Asp cho
Glu, su thay thé ctia Pro cho Gly, sy thay thé cua Asn, Lys, Gln, Arg, hodc Tyr
cho His, su thay thé cta Leu, Met, Val, hodc Phe cho Ile, sy thay thé cua Ile, Met,
Val, hodc Phe cho Leu, su thay thé ctia Asn, Glu, Gln, His, hodc Arg cho Lys, su
thay thé cua Ile, Leu, Val, hodc Phe cho Met, su thay thé cua Trp, Tyr, Met, Ile,
hodc Leu cho Phe, sy thay thé cta Thr hodc Ala cho Ser, su thay thé cta Ser hodc
Ala cho Thr, su thay thé cia Phe hoic Tyr cho Trp, su thay thé cua His, Phe,
hodc Trp cho Tyr, va su thay thé ciia Met, Ile, hodc Leu cho Val. Hon nita, su thé
doan, l{huyét doan, xen doan, hodc thém doan nhu vay cua géc axit amin nhu
néu trén bao gém su dot bién xudt hién tu nhién do sw khac nhau cta cé thé, hodc
s khac nhau ctia céc loai sinh vat ma tir d6 gen dugc thu ldy (thé dot bién hodc
thé bién di).

Gen mang hép thu axit C4-dicarboxylic c6 thé 14 gen mé& hoa protein c6
trinh tu axit amin thé hién d6 twong déng, vi du, béng hodc 16n hon 50%, béng
hoiic 16n hon 65%, hodc bing hodc 16n hon 80%, tot hon la bang hodc 1én hon
90%, t&t hon nita 13 bing hodc 16n hon 95%, van t&t hon nita 1a bang hodc 16n
hon 97%, t5t nhit 13 bang hodc 16n hon 99%, so véi toan b trinh tu axit amin
ciia trinh tu bét ky trong sb céc trinh ty axit amin néu trén, mién 13 chtc ning
ban ddu duoc duy tri. Trong ban md ta nay, "do tuong ddng" c6 nghia 1 "tinh

dong nhat".

-60-



31749

Gen mang hép thu axit C4-dicarboxylic ciing ¢6 thé 12 ADN ma c6 kha
ndng lai dudi cac didu kién nghiém ngit véi doan do ma c6 thé dugce tao ra tir
trinh tu bat ky trong s cac trinh tu nucleotit néu trén (vi duy, trinh ty nucleotit
duoc thé hién dudi dang SEQ ID NO: 15, 17, 19, hodc 21), nhu trinh tu bd tro
cho mot phé“m hodc toan bd trinh tu cla trinh ty bét ky trong s6 céc trinh tu
nucleotit néu trén, mién 1a chic ning ban dau duge duy tri. Thuét ngfr “céc didu
kién nghiém ngat" 1a dé chi cac didu kién ma cai goi 1a thé lai dic trung dugc tao
ra, va thé lai khong dic trung khéng duoc tao ra. Céc vi du vé cac diéu kién
nghiém ngit bao gdm céc diéu kién trong d6 cdc ADN tuong ddng cao lai véi
nhau, vi du, cac ADN c6 do tuong d@)ng khong nhoé hon 50%, 65%, hodc 80%,
t6t hon 12 ¢6 do twong ddéng khong nho hon 90%, t6t hon nita 1a c6 do tuong
ddng khong nhé hon 95%, van t&t hon nita 14 c6 do twong dong khong nhd hon
97%, tbt nhét 1a c6 do tuong ddng khong nhé hon 99%, lai véi nhau, va céc
ADN c¢6 dd tuong dong nhé hon cac murc néu trén khong lai véi nhau, hodc cic
diéu kién rtra clia qua trinh lai Southern, tire 13, cac didu kién rira mot 1an, tét hon
14 2 hodc 3 14n, & ndng d6 mudi va nhiét d§ twong tng véi 1 x SSC, 0,1% SDS &
60°C, t6t hon 13 0,1 x SSC, 0,1% SDS & 60°C, t6t hon nita 1a 0,1 x SSC, 0,1%
SDS & 68°C.

Poan do dugc dung cho qua trinh lai néu trén cé thé 14 mot phan cla
trinh ty ma bd tro cho gen nhu duge md ta & trén. Poan do nhu vy c6 thé dugc
tao ra bing qud trinh PCR sit dung céc oligonucleotit dugc tao ra trén co s¢ trinh
tu gen di biét 1am doan mdi va doan ADN chira gen bét ky trong sd cac gen néu
trén 1am khudn mau. Dé 1am doan do, vi du, doan ADN c6 d6 dai khoang 300bp
c¢6 thé duge st dung. Khi doan ADN c¢6 d6 dai khoang 300 bp dugc sir dung 1am
doan do, cac diéu kién rira ctia qua trinh lai ¢6 thé 14, vi du, 50°C, 2 x SSC va
0,1% SDS.

Hon nita, vi su thoai hoéa cua cac codon khac nhau tuy thudc vao vat chu,
céc codon bat ky trong gen mang hép thu axit C4-dicarboxylic c6 thé duoc thay
thé bang céc codon twong duong tuong Gmg. Nghia 13, gen mang hép thu axit C4-
dicarboxylic ¢ thé 1a thé bién di cta bit ky cac gen mang hép thu axit C4-

dicarboxylic dugc 1y lam vi du & trén do sy thodi hoda clia mé di truyén. Vi du,
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gen mang hap thu axit C4-dicarboxylic c6 thé 1a gen duoc cai bién sao cho né cé
céc codon t8i wu theo tan suit codon trong vat chi duge st dung.

Ty 18 phan trim d6 ddng nhét trinh tu gitta hai trinh tu c6 thé duge xéc
dinh béng, vi du, sir dung thuat todn toan hoc. Céc vi du khong gidi han vé thuat
toan todn hoc nhu vy bao gdm thuit toan cua Myers va Miller (1988) CABIOS
4:11-17, thuat todn tuong dong cuc bd ctia Smith et al (1981) Adv. Appl. Math.
2:482, thuét toan so sanh tuong ddng cta Needleman va Wunsch (1970) J. Mol.
Biol. 48:443-453, phuong phéap tra cliru do tuong ddng ctia Pearson va Lipman
(1988) Proc. Natl. Acad. Sci. 85:2444-2443, va kiéu bién dbi cta thuat todn cla
Karlin va Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264, nhu thut toan
dugc d& cap trong Karlin va Altschul (1993) Proc. Natl. Acad. Sci. USA
90:5873-5877.

Béng cach st dung chuong trinh dya trén thuét toan todn hoc, sy so sanh
trinh tu (nghia 1a sy can thing hang) dé xac dinh tinh ddng nhét trinh tu c6 thé
duoc thuc hién. Chuong trinh nay co thé duoc thuc hién bang may tinh. Cac vi
du vé chuong trinh nhu vay bao gbm, nhung khéng gidi han ¢, chuong trinh
CLUSTAL of PC/Gene (ban tai Intelligenetics, Mountain View, Calif.), chuong
trinh ALIGN (Version 2.0), va GAP, BESTFIT, BLAST, FASTA, and TFASTA of
Wisconsin Genetics Software Package, Version 8 (ban tai Genetics Computer
Group (GCG), 575 Science Drive, Madison, Wis., USA). Sy can thang hang st
dung cac chuong trinh nay co6 thé duge tién hanh bang cach st dung, vi duy, céc
tham sd ban d4u. Chuong trinh CLUSTAL ciing dugc dé céap trong Higgins et al.
(1988) gen 73:237-244 (1988), Higgins et al. (1989) CABIOS 5:151-153, Corpet
et al. (1988) Nucleic Acids Res. 16:10881-90, Huang et al. (1992) CABIOS
8:155-65, va Pearson et al. (1994) Meth. Mol. Biol. 24:307-331.

Dé thu duoc trinh tu nucleotit twong déng vdi trinh tu nucleotit dich, cu
thé, vi du, su tra cttu nucleotit BLAST c6 thé duoc tién hanh béng cach st dung
chuong trinh BLASTN véi thang diém 100 va d6 dai chudi ki ty 1a 12. DE thu
dugc trinh tu axit amin tuong dong voi protein dich, cu thé 13, vi dy, qua trinh tra
ctru protein BLAST cé thé duoc tién hanh bang cach sir dung chuong trinh
BLASTX véi thang diém 50 va do dai chudi ki tu 3. Xem
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http://www.ncbi.nlm.nih.gov dé tra ctru nucleotit BLAST va tra cru protein
BLAST. Ngoai ra, Gapped BLAST (BLAST 2.0) c6 thé duge sir dung dé thu
duoc su can thing hang bao gém ca (c4c) khoang trng v&i muc dich so sanh.
Ngoai ra, PSI-BLAST c6 thé duoc sir dung dé thuc hién su tra ctru 1ap dé phat
hién cdc mdi trong quan khoang céch gilta céc trinh ty. Xem Altschul et al.
(1997) Nucleic Acids Res. 25:3389 for Gapped BLAST and PSI-BLAST. Khi stt
dung BLAST, Gapped BLAST, hogc PSI-BLAST, céc tham s6 ban dau cua ting
chuong trinh (vi dy, BLASTN cho céc trinh ty nucleotit, va BLASTX cho céc
trinh ty axit amin) c6 thé duge sir dung. Sy cin théng hang cling ¢ thé duoc
thuc hién mot cach thu cong.

bd déng nhét trinh ty gitta hai trinh ty duoc tinh dudi dang ty 1€ so khop
céc gbe & hai trinh ty khi can thing hang hai trinh tw dé khép dén muc t6i da voi
nhau.

Céc phin mb ta néu trén lién quan dén cac thé bién di bao toan cla céc
gen va cac protein co thé dugc 4p dung véi cic su thay ddi can thiét cho cac thé
bién di cua cac protein bét ky nhu cic enzym cla hé sinh tbng hop axit L-amin
va cac gen ma hda ching
<1-3> Céc phuong phép gia tang hoat tinh protein

Sau ddy, cdc phuong phdp gia tang hoat tinh clia protein nhu vat mang
hép thu axit C4-dicarboxylic s& dugc giai thich.

Cum tir "hoat tinh cta protein duoc gia ting" c6 nghia la hoat tinh cta
protein dugc gia tdng so vdi chung khéng duoc cai bién. Cu thé, cum tlr "hoat
tinh ctia protein duogc gia ting" c6 nghia la hoat tinh ctia protein trén té bao dugc
gia ting so v&i hoat tinh cia ching khong duge cai bién. Thuét ngit “ching
khong duge cai bién" duoc st dung & ddy dé chi ching ddi chimg ma khong
duoc cai bién sao cho hoat tinh clia protein mong mudn duoc gia ting. Cac vi du
vé chung khong duge cai bién bao gdm chiing kiéu dai va ching cha me. Céc vi
du cu thé vé chiing khong duogc cai bién bao gbém céc chiing kiéu tuong Ung cla
lodi vi khudn. Céc vi du cu thé vé chiing khong dugce cai bién con bao gém céc
chiing dugc 14y 1am vi dy & trén lién quan dén sy mo ta vi khuan. Nghia 13, theo
mdt phuong 4n, hoat tinh cta protein ¢ thé duoc gia ting so v4i ching chuén,
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nghia la, ching chuin cta loai ma vi khuan theo sang ché nim trong d6. Theo
phuong 4n khac, hoat tinh ctia protein cling ¢ thé duoc gia ting so véi ching C.
glutamicum ATCC 13032. Theo phuong 4n khéc, hoat tinh cua protein ciing ¢6
th8 duoc gia tang so véi chung C. glutamicum 2256 (ATCC 13869). Theo
phuong an khéc, hoat tinh cua protein cling ¢6 thé duoc gia ting so véi chung E.
coli K-12 MG1655. Theo phuwong 4n khéc nira, hoat tinh cta protein cling co thé
dugc gia ting so v6i chiing P. ananatis AJ13355. Tinh trang ma "hoat tinh cta
protein dugc gia tang" cling co6 thé dugc thé hién 1a "hoat tinh cta protein dugc
tang cuong". Cu thé hon, cum tr "hoat tinh ctia protein dugc gia tdng" cé thé ¢6
nghia 1 s6 lugng phan ti protein cho mdi t& bao duge gia ting, va/hodc chirc
niang clia timg phan ti protein dugc gia ting so véi chung khong duoc cai bién.
Nghia 13, thuat ngit “hoat tinh" trong cum tir "hoat tinh ctia protein duogc gia
ting" khong bi gi6i han & hoat tinh xtc tac clia protein, nhung cling co thé ¢co
nghia 13 mic phién ma cia gen (tic 1a luong ARN théng tin) ma hoa protein,
hodc mutrc dich mi cua protein (tic la lugng protein). Hon nita, tinh trang ma
"hoat tinh cua protein dugc gia tdng" bao gdm khong chi tinh trang ma hoat tinh
cua protein mong muén duoc gia ting trong ching san c6 hoat tinh cta protein
mong mudn, ma con 14 tinh trang ma hoat tinh ctia protein mong mudn duoc
truyén cho chiing vbn khéng cé hoat tinh cta protein mong mudn. Hon nita,
mién 14 hoat tinh cia protein dugc gia tang, hoat tinh cta protein mong mudn
vbn da c6 trong vat chi ¢ thé duoc giam va/hodc dugc loai trir, va sau do kiéu
thich hop cta protein mong mudn c6 thé dugce truyén cho vt ch.

Mtc gia ting hoat tinh cua protein khong bi gi6i han mot cach cu thé,
mién 1a hoat tinh ctia protein duoc gia ting so vdi chung khong duoc cai bién.
Hoat tinh cua protein c6 thé duoc gia tang dén, vi du, béng hodc hon 1,5 lan,
béng hodc hon 2 14n, hoac béng hoac hon 3 lan hoat tinh cua protein cua chung
khong dugc cai bién. Hon nita, khi chung khong duoc cai bién khoéng c6 hoat
tinh cua protein mong mudn, c6 kha nang 1a protein duge tao ra nho sy dua gen
ma hda protein vao, va vi duy, protein cé thé duoc tao ra dén mic ma co thé do
duogc hoat tinh cda no.

Su cai bién dé gia tang hoat tinh cta protein c6 thé dat dugc bang cach, vi
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du, gia tdng muc biéu hién clia gen mi héa protein. Cum tir "muirc biéu hién cua
gen duoc gia ting" cd nghia la mic biéu hién cia gen duge gia ting so véi ching
khéng duoc cai bién nhu ching kiéu dai va chiing cha me. Cu thé, cum tir "mtrc
biéu hién clia gen dugc gia ting" c6 nghia 1a mirc biéu hién cta gen trong mdi té
bao dugc gia tang so voi muc biéu hién cta gen ctia ching khong dugc cai bién.
Cu thé hon, cum tr "murc biéu hién clia gen dugc gia ting" co thé c6 nghia 1a
murc phién ma ctia gen (tic 1a lvong ARN thong tin) dugc gia ting, va/hodc mirc
dich mi cua gen (tc la lugng protein duoc biéu hién tir gen) duoc gia ting. Tinh
trang "murc biéu hién cua gen dugc gia ting" cfing co thé duoc goi 13 "murc biéu
hién cta gen duoc tang cuong". Murc bidu hién cua gen c6 thé duoc gia ting dén,
vi du, béng hodc hon 1,5 lan, béng hodc hon 2 14n, hodc béng hoédc hon 3 14n
muc biéu hién cia gen cua ching khong duoc cai bién. Hon nita, tinh trang ma
"mrc biéu hién cua gen duogc gia ting" bao gdm khéng chi tinh trang ma murc
biéu hién ctia gen mong mudn dugc gia ting trong ching ma vbn d3 biu hién
gen mong mudn, ma con ca tinh trang ma gen dugc dua vao trong ching khong
¢6 su biéu hién gen mong mudn tir ban dau, va dugc biéu hién trong d6. Nghia 13,
cum tlr "murc biu hién ctia gen dugc gia tang" cling ¢6 nghia 1a, vi dy, gen mong
mubn duoc dua vao trong chiing ma khong c6 gen do, va duoc biéu hién trong
do.

Mirc bidu hién cua gen c6 thé duge gia ting béng céach, vi du, gia ting 5O
lurong ban sao cua gen.

S6 luong ban sao ctia gen c6 thd duoc gia ting bang cach dua gen vao
trong nhiém séc thé cua vat chi. Gen ¢ thé duoc dua vao trong nhiém sic thé
bang céach, vi du, st dung qua trinh tai tb hop tuong déng (Miller, J.H.,
Experiments in Molecular Genetics, 1972, Cold Spring Harbor Laboratory). Céc
vi du vé phuong phap chuyén gen st dung qua trinh tai td hop twong ddng bao
gdm, vi du, phuong phép stt dung ADN mach thing nhu sy dinh gén duoc dan
truyén boi Red (Datsenko, K.A., va Wanner, B.L., Proc. Natl. Acad. Sci. USA,
97:6640-6645 (2000)), phuong phap st dung plasmit chira diém khoi dau sao
chép man cam nhiét do, phuong phap sir dung plasmit c6 kha nang van chuyén

tiép hop, phuong phdp s dung vat truyén tu sat khong co diém khoi dau sao
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chép ma c6 chic niang trong vét chi, va phuong phap tai nap st dung thé thuc
khudn. Chi mot ban sao, hodc hai hoic nhiéu ban sao cua gen co6 thé duoc dua
vao. Vi du, bang céch tién hanh qua trinh tai t6 hop twong dong sir dung trinh ty
ma hién dién trong nhiéu ban sao trén nhiém séc thé 1a dich, nhiéu ban sao cla
gen cO thé duoc dua vao trong nhiém sic thd. Cac vi du vé trinh ty ma hién dién
trong nhiéu ban sao trén nhiém sic thé bao gdm céc ADN lip, va cac doan lap
d40 ndm & ca hai diu cua gen nhay. Theo cach khac, qua trinh tai td hop tuong
déng 6 thé dugc thuc hién béng cach st dung trinh tu thich hop trén nhiém séc
thé nhu gen khong can thiét cho qué trinh tao ra chit mong mudn lam dich. Hon
nita, gen cling c6 thé dugc dua ngdu nhién vao trong nhiém sic thé bang cach st
dung gen nhay hodc Mini-Mu (don yéu cdu clp patent Nhat Ban chua xét
nghiém (Kokai) sb 2-109985, patent M s6 5,882,888, EP805867B1).

Su dua gen dich vao trong nhiém sic thé c6 thé duogc xé4c nhan bang phép
lai Southern st dung doan do c¢6 trinh tu bd tro cho toan bd gen hoic mot phﬁn
cua gen, qué trinh PCR st dung cac doan moi dugce tao ra trén co sd trinh ty cla
gen, hodc tuong tu.

Hon nita, s6 luong ban sao clia gen cling ¢6 thé duoc gia ting bang cach
dua vt truyén chira gen vao trong vat chi. Vi dy, s6 luong ban sao cua gen dich
c6 thé dugc gia ting bang cach gén doan ADN chita gen dich v6i vét truyén ma
¢ chae ndng trong vat chu dé tao ra vat truyén biéu hién cta gen, va bién nap
VAt chi véi vat truyén bidu hién. Poan ADN chira gen dich ¢6 thé thu dugce bang
cach, vi du, PCR st dung ADN hé gen cla vi sinh vat c6 gen dich lam khudn
mAiu. Dé lam vt truyén, vt truyén c6 kha niing sao chép tu tri trong té bao cla
vat chu c6 thé duoc st dung. T4t hon 14, vat truyén la vat truyén nhiéu ban sao.
Hon nita, tdt hon 1 vt truyén c6 gen dénh d4u nhu gen khang khang sinh aé
chon loc thé bién nap. Hon nita, vat truyén 6 thé cé doan khéi dau va/hodc diém
két thtic dé biéu hién gen dugc dua vao. Vit truyén c6 thé 13, vi duy, vat truyén
thu duogc tr plasmit vi khudn, vét truyén thu duoc tir plasmit ndm men, vét truyén
thu duoc tu thé thuc khuén, cosmit, phagemit, hodc twong tu. Céc vi du cu thé vé
vat truyén c6 kha ning sao chép tu tri trong cac vi khudn Enterobacteriaceae nhu

Escherichia coli bao gdém, vi du, pUC19, pUCI18, pHSG299, pHSG399,
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pHSG398, pBR322, pSTV29 (déu ban tai Takara Bio), pACYC184, pMW219
(NIPPON GENE), pTrc99A (Pharmacia), chudi vat truyén pPROK (Clontech),
pKK233-2 (Clontech), chudi vat truyén pET (Novagen), chudi vat truyén pQE
(QIAGEN), pCold TF DNA (Takara Bio), chudi vét truyén pACYC, va vat
truyén c6 phd vét chi rong RSF1010. Céc vi du cu th v& vat truyén c6 kha ning
sao chép tu tri trong vi khudn coryneform bao gbm, vi du, pHM1519 (Agric.
Biol. Chem., 48, 2901-2903 (1984)); pAM330 (Agric. Biol. Chem., 48, 2901-
2903 (1984)); cac plasmit thu dugc béng cach cai thién céc vat truyén ndy va cé
gen khang thubc; plasmit pCRY30 (don yéu cau cip patent Nhat Ban chua xét
nghiém (Kokati) s6 3-210184); cac plasmit pCRY21, pCRY2KE, pCRY2KX,
pCRY31, pCRY3KE, va pCRY3KX (don yéu clu clp patent Nhat Ban chua xét
nghiém (Kokai) sb 2-72876 va patent My sd 5,185,262); cac plasmit pCRY2 va
pCRY3 (don yéu cdu cép patent Nhat Ban chua xét nghiém (Kokai) s6 1-
191686); pAJ655, pAJ611, va pAJ1844 (don yéu cau cap patent Nhit Ban chua
xét nghiém (Kokai) s6 58-192900); pCG1 (don yéu ciu cép patent Nhat Ban
chua xét nghiém (Kokai) s6 57-134500); pCG2 (don yéu cau cip patent Nhat
Ban chua xét nghiém (Kokai) s6 58-35197); pCG4 va pCG11 (don yéu cau clp
patent Nhat Ban chua xét nghiém (Kokai) s§ 57-183799); pVK7 (don yéu cau
cap patent Nhat Ban chua xét nghiém (Kokai) s6 10-215883); pVK9 (US2006-
0141588); pVC7 (don yéu ciu cip patent Nhat Ban chua xét nghiém (Kokai) s6
9-070291); pVS7 (WO2013/069634).

Khi gen dugc dua vao, c6 kha nang 13 gen nay duoc mang theo cach
dwoc bidu hién boi vat cha. Cu thé, cé kha ning 1a gen dugc mang boi vat chu
dén mitc né duge biéu hién dudi sy déu chinh bdi doan khéi dau ma c6 chirc
ndng trong vat chi. Doan khoi d4u khong bi giéi han mot cach cuy thé mién 13 n6
c6 chirc ning trong vat chu. Thudt ngit “doan khoi dau ma co6 chirc ning trong
vat chi" dé chi doan khéi diu ma thé hién hoat tinh doan khéi dau trong vét chu.
Poan khoi dau c6 thé 14 doan khéi dAu thu duge tir vat chii, hode doan khéi dau
di nguyén. Poan khoi dAu nay c6 thé 13 doan khoi dAu nguyén thé cua gen duoc
dua vao, hodc doan khéi dau cua gen khéc. DPé 1am doan khéi dau, vi du, doan

khéi dAu manh hon nhu duoc dé cap dudi day cling 6 thé duoc st dung.
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Diém két thic dé két thic sy phién ma gen ¢ thé dugc dinh vi & dong
dudi cua gen. Diém két thuc khong bi giéi han mot cach cu thé mién 1a nd c6
chirc nang trong vét chu. Piém két thic c6 thé 13 diém két thuc thu duoc tlr vat
cht, hodic didém két thic di nguyén. Diém két thic c6 thé 1a diém két thic nguyén
thé cua gen dugc dua vao, hodc diém két thuc cua gen khéac. Céac vi du cu thé vé
didm két thuc bao gdm, vi dy, diém két thic T7, diém két thuc T4, diém két thic
cta thé thue khudn fd, diém két thic rer, va diém két thic trpA.

Céc vt truyén, cdc doan khoi dAu, va cac diém két thic cé gia tri trong
céc vi sinh vat khac nhau dugc dé cap chi tiét trong "Fundamental Microbiology
Vol. 8, Genetic Engineering, KYORITSU SHUPPAN CO., LTD, 1987", va
ching c6 thé duoc st dung.

Hon nita, khi hai hodc nhiéu gen duoc dua vao, c6 kha nang la mdi gen
trong s6 céc gen nay dugc mang theo cach biéu hién dugc bdi vat chd. Vi dy, tat
ca cac gen nay co thé dwoc mang boi nhiém sic thé hodc vat truyén biéu hién
riéng r&. Hon nita, cac gen nay co thé duoc mang riéng biét boi hai hodc nhiéu
vat truyén biéu hién, hoic dugc mang riéng biét boi vat truyén biéu hién riéng
biét hodc hai hoac nhiéu vat truyén bidu hién va nhiém sic thé. Operon dugc tao
thanh béi hai hodc nhiéu cac gen cling c6 thé dugc dua vao. Trudng hop "dua hai
hodc nhiéu gen vao" bao gbm, vi dy, c4c truong hgp dua cac gen tuong tmg ma
héa hai hodc nhiéu loai protein (nhu céc enzym) vao, dua cac gen tuong ting ma
héa hai hodc nhiéu ciu tric siéu phan tr tao thanh phtc hop protein don (nhu
phtrc hop enzym), va su két hop ctia cac truong hop néu trén.

Gen duoc dua vao khong bi gidi han mot cach cu thé mién la n6 mi hoa
pnndnrnécéchﬁcnﬁngnnngxéichﬁ.Genduchuavéocéthélégenthuduqc
tur vat chu, hoac co thé 1a gen di nguyén. Gen dugc dua vao co thé thu duogc béng,
vi du, qué trinh PCR st dung céc doan mdi dugc tao ra trén co s& trinh tu
nucleotit ctia gen, va stt dung ADN hé gen clia sinh vat c6 gen, plasmit mang gen,
hodc tuong tu 1am khudn mau. Gen dugc dua vao cling c6 thé duoc téng hop
hoan toan, vi du, trén co s& trinh ty nucleotit cuia gen (Gene, 60(1), 115-127
(1987)). Gen thu duoc c6 thé duoc st dung ludn, hodc sau khi duge cai bién néu

cin. Gen c6 thé duoc cai bién bing k§ thuat da bit. Vi dy, su dot bién mong
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mubn c6 thé dugc dua vao trong vi trf mong mudn ctia ADN béng phuong phap
dot bién diém dic hiéu. Ttc 13, ving mi hda cua gen c6 thé duoc cai bién béng
phuong phép dot bién diém dic hiéu sao cho vi tri dic hiéu cua protein dugc ma
hoa bao g(‘A)m su thay thé, loai bd, xen, va/hodc thém géc axit amin. Cac vi du veé
phuong phép dot bién diém dic hiéu bao gom phuong phép s dung PCR
(Higuchi, R., 61, in PCR Technology, Erlich, H.A. Eds., Stockton Press (1989);
Carter, P., Meth. in Enzymol., 154, 382 (1987)), va phuong phdp st dung thé
thuc khuén (Kramer, W. va Frits, HJ., Meth. in Enzymol., 154, 350 (1987);
Kunkel, T.A. et al., Meth. in Enzymol., 154, 367 (1987)).

Hon nfta, khi protein cé chirc ndng nhu phirc hop gdm nhiéu cau tric siéu
phan tr, mot phé“m hodc tat ca céc cAu tric siéu phan tir ndy c6 thé dugc cai bién,
midn 13 hoat tinh cta protein dugc gia ting. Nghia 13, vi du, khi hoat tinh cua
protein dugc gia tang bang céch gia ting muc biéu hién cta gen, muc biéu hién
cia mot phan hodc tAt ca cac gen ma mi hoa céc cdu tric siéu phan tir ¢6 thé
dugc gia tang. Thong thuong t5t hon 14 ting cudng muc bidu hién cua tat ca cac
gen ma hda cac cAu tric siéu phan tir. Hon nita, cac cAu triic siéu phén tir cau
thanh phtrc hop nay co thé thu duoc tr mot loai sinh vat don 1€ hodc hai hodc
nhiéu loai sinh vat, mién 1a phtic hop nay c6 chirc ndng ctia protein mong mubn.
Nghia 13, vi dy, cac gen cla cung mét sinh vat mé hoa nhiéu c4u tric siéu phan
tr ¢6 thé duoc dua vao trong vat chi, hodic cac gen cia céc sinh vat khac nhau
ma héa nhiéu cu tric siéu phan t&r cd thé dugc dua vao trong vat chu.

Hon nita, mc biéu hién ctia gen c6 thé dugc gia ting bang cach gia ting
hiéu suét phién mi cia gen. Ngoai ra, muc biéu hién cia gen cling c6 thé dugc
gia tdng bang céach gia ting hiéu sudt dich m4 cta gen. Hiéu sudt phién ma cuia
gen va hiéu suét dich m4 cia gen c6 thé duoc cai thién bé“mg cach, vi du, cai bién
trinh tu didu chinh muc biéu hién clia gen. Thuat ngtt “trinh tu diéu chinh murc
bidu hién" 14 d& cap dén cdc vi trf ma anh huéng dén muc bicu hién clia gen. Cac
vi du vé trinh tu didu chinh mc biéu hién bao gé)m, vi du, doan khéi dau, chudi
Shine-Dalgarno (SD) (con dugc goi la vi tri lién két ribosom (RBS-ribosome
binding site)), va ving dém gitta RBS va codon khai dAu. Céc trinh tu diéu chinh

mtrc biéu hién c6 thé duoc nhan biét bang cach sir dung phan mém phén tich vat
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truyén hodc gen tim kiém doan khéi dau nhu GENETYX. Céc trinh tu didu
chinh murc bidu hién nay c6 thé dugc céi bién bang, vi du, phuong phép sir dung
vét truyén man cam nhiét do, hodc phuong phap dinh gén dugc dan truyén boi
Red (W0O2005/010175).

Hiéu suét phién m& cta gen co thé duoc cai thién béng céach, vi du, thay
thé doan khoi dau cua gen trén nhidm sic thé b?ang doan khéi dau manh hon.
Thuat ngir “doan khoi dAu manh hon" dé chi doan khoi dau dua ra mc phién ma
cuia gen cao hon so véi doan khoi dau kidu dai vén c6 ctia gen. Cac vi du vé cac
doan khoi dau manh hon bao gém, vi du, cac doan khoi dau c6 muc biéu hién
cao da biét nhu doan khai dau T7, doan khéi dau trp, doan khoi dau lac, doan
khéi ddu #hr, doan khoi dau tac, doan khoi diu #re, doan khéi dau ret, doan khoi
dau araBAD, doan khéi dau rpoH, doan khoi dau msrA, doan khoi dau Pm1 (thu
duoc tir giéng Bifidobacterium), doan khoi d3u PR, va doan khoi dau PL. Céc vi
du vé cac doan khoi ddu manh hon cé thé st dung duoc trong vi khuan
coryneform bao gém, vi du, doan khoi dau P54-6 dugc cai bién nhan tao (Appl.
Microbiol. Biotechnol., 53, 674-679 (2000)), cac doan khoi dau pta, aced, aceB,
adh, va amyE c6 thé cam tng trong vi khuén coryneform véi axit axetic, etanol,
axit pyruvic, hodc tuong ty, cac doan khoi dau espB, SOD, va tuf (EF-Tu), 1a cac
doan khéi dau tiém ning c6 kha ndng tao ra muc biéu hién 16n trong vi khuan
coryneform (Journal of Biotechnology, 104 (2003) 311-323; Appl. Environ.
Microbiol., 2005 Dec; 71 (12):8587-96), ciing nhu doan khoi dau lac, doan khoi
dau tac, va doan khéi dau #rc. Hon nita, dé 1am doan khoi dau manh hon, kiéu
hoat tinh cao ctia doan khoi dAu hién c6 cling c6 thé thu duge béng cach st dung
cic gen bao cdo khac nhau. Vi dy, bang cach tao ra cc ving -35 va -10 & doan
khoi dAu gln v6i trinh tu lién tmg, hoat tinh ciia doan khoi dau c6 thé duoc gia
tang (WO00/18935). Céc vi du vé& doan khoi dau kiéu hoat tinh cao bao gdm céc
doan khoi dau tuong tu tac khéc nhau (Katashkina JI et al., don yéu cau cép
patent Nga sb 2006134574) va doan khéi dau pnip8 (W02010/027045). Céac
phuong phép danh gia cuong do clia cac doan khoi dAu va céc vi du vé cac doan
khoi dAu manh duge dé cdp trong tai liéu ctia Goldstein et al. (Prokaryotic

Promoters in Biotechnology, Biotechnol. Annu. Rev., 1, 105-128 (1995)), va v.v..
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Hiéu suét dich m4 cla gen c6 thé duoc cai thién bang cach, vi du, thay
thé chudi Shine-Dalgarno (SD) (con duoc goi 14 vi trf lién két ribosom (RBS))
cho gen trén nhiém sdc thé bang chudi SD manh hon. "Chudi SD manh hon" ¢é
nghia la chudi SD ma tao ra su dich ma ciia ARN théng tin cao hon so véi trinh
tu SD kiéu dai c6 sin ctia gen. C4c vi dy vé cac chudi SD manh hon bao gém, vi
du, RBS cua gen /0 thu dugc tu thé thuc khuan T7 (Olins P.O. et al, Gene, 1938,
73, 227-235). Hon nita, da biét réng su thé doan, xen doan, hoic khuyét doan cua
vai nucleotit trong ving dém gitta RBS va codon khoi dau, dic biét 13 & trinh ty
ngay dong trén cta codon khai dau (5'-UTR), &nh hudng 16n dén tinh 6n dinh va
hiéu suét dich mé cia ARN thong tin, va vi vy, hiéu sudt dich m& ctia gen cling
¢6 thé duoc cai thién bang cach cai bién chiing.

Hiéu sudt dich ma ctia gen cling c6 thd duoc cai thién bang céach, vi du,
cai bién cac codon. Vi du, hiéu suét dich mé cta gen cé thé duoc cai thién béng
c4ch thay thé codon hiém khi hién dién trong gen bang codon ciing nghia dugc
st dung thuong xuyén hon. Ttc 1a, gen dugce dua vao co thé duoc cai bién, vi du,
dé chtra cac codon tdi wu theo tan sudt ciia cac codon quan sat dugc trong vat chi
duoc st dung. Céc codon cé thé dugc thay thé béng, vi du, phuong phép dot bién
diém dic hiéu. Theo cach khac, doan gen trong d6 cac codon mong mubn duoc
thay thé c¢6 thé dugc tdng hop toan bd. Tan suét cta cac codon trong cic sinh vat
khic nhau duwoc dé cdp trong "Codon Usage Database"
(http://www.kazusa.or.jp/codon; Nakamura, Y. et al, Nucl, Acids Res., 28, 292
(2000)).

Hon nita, m@c biéu hién ctia gen cling c6 thé dugc gia ting bang cach
khuéch dai yéu té didu hoa ma gia ting murc biéu hién cua gen, ho#ic loai bo hodc
lam suy gidm yéu t6 diéu hoa ma lam gidm muc biéu hién cla gen}.

Cac phuong phap gia tdng muc biéu hién ctia gen nhu néu trén cé thé
duoc sir dung mét cach doc lap hodc theo su két hop bat ky.

Hon nita, sy cai bién ma gia ting hoat tinh cla protein cling c6 thé dat
duoc bang céach, vi duy, ting cudng hoat tinh déc trung clia enzym. Sy tdng cuong
hoat tinh dic trung cling bao gdm sur khit nhay d6i v6i su (e ché phan hoi. Nghia

1a, khi protein dugc dem di e ché phan hoi boi chét chuyén hoa, hoat tinh cta
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protein co thé duoc gia ting béng cach lam cho vi khuén mang gen mi hoa
protein dot bién ma d3 dugc khir nhay dbi véi su trc ché phan hoi. Theo sang ché,
thuét ngit “khir nhay déi v6i su e ché phan hdi" bao gdm loal trlr hoan toan sy
tic ché phan hoi, va giam su tc ché phan hdi, trir phi duoc quy dinh khac. Ngoai
ra, tinh trang "duoc khir nhay d6i v6i sy e ché phan hdi", nghia 1 tinh trang ma
su rc ché phan hdi dugc loai trir hodc duge giam, cling c6 thé duoc goi 1a "chiu
duoc su Uc ché phan hoi". Protein thé hién hoat tinh dic trung dugc tdng cuong
6 thé thu duoc béng cach, vi duy, tim kiém céc sinh vat khac nhau. Hon nita,
kiéu hoat tinh cao cta protein hién c6 ciing c6 thé thu duoc béng cach dua su dot
bién vao trong protein ndy. Su dot bién duoc dua vao co thé 13, vi du, su thé doan,
khuyétdoan,xen_doan,hoécthénldoan_cﬁarnéthoéC‘véigéc axit amin & mot
hodc vai vi tri cta protein. Sy dot bién c6 thé dugc dua vao br:ing cach, vi du,
phuong phéap dot bién diém ddc hiéu nhu néu trén. Sy dot bién ciing c6 thé dugc
dua vao bang cach, vi dy, xt ly bang tac nhan gy dot bién. Céc vi du vé& qua
trinh xir Iy bing tic nhan gay dot bién bao gdm sy chiéu tia X, su chiéu tia cyc
tim, va qua trinh xt ly bang tac nhan gy dot bién nhu N-metyl-N'-nitro-N-
nitrosoguanidin (MNNG), etyl metansulfonat (EMS), va metyl metansulfonat
(MMS). Hon nita, s dot bién nglu nhién c6 thé dugc thuc hién bang céch xir ly
truc tiép ADN in vitro bang hydroxylamin. Sy ting cuong hoat tinh déc trung co
thé duogc st dung doc 1ap, hodc ¢ thé duoc st dung theo su két hop bt ky véi
c4c phuong phép gia ting muc biéu hién gen nhu néu trén.

Phuong phap bién nap khong bi giéi han mdt cach cu thé, va cac phuong
phép thong thuong da biét c6 thd duoc sir dung. C6 thé dugc sir dung 14, vi du,
phuong phap xu ly cac té bao nhan bang canxi clorua dé gia tang tinh thdm cta
n6 dbi véi ADN, ma da duoc 4p dung cho chung Escherichia coli K-12 (Mandel,
M. and Higa, A., J. Mol. Biol., 1970, 53, 159-162), va phuong phép diéu ché céc
t& bao kha bién tir cic té bao ma dang & pha sinh truéng, sau d6 bién nap v6i
ADN, ma d3 dugce 4p dung cho Bacillus subtilis (Duncan, C.H., Wilson, G.A.
and Young, F.E., Gene, 1977, 1:153-167). Theo cach khéac, c6 thé s dung
phuong phép tao ra cac té bao nhan AND trong céc hat nguyén sinh hodc céc hat
cAu, ma c6 thé d& dang hip thu AND tai td hop, sau d6 dua ADN t4i t0 hop vao
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trong céc t& bao nhan ADN, ma da biét 1 ¢6 thé 4p dung cho Bacillus subtilis, xa
khudn, va ndm men (Chang, S. and Choen, S.N., 1979, Mol. Gen. Genet.,
168:111-115; Bibb, M.J., Ward, J.M. and Hopwood, O.A., 1978, Nature,
274:398-400; Hinnen, A., Hicks, J.B. and Fink, G.R., 1978, Proc. Natl. Acad. Sci.
USA, 75:1929-1933). Hon nita, phuong phap xung dién dugc 4p dung cho vi
khuén coryneform (don yéu cau cp patent Nhat Ban chua xét nghiém (Kokai) s6
2-207791) cling c6 thé dugc sir dung.

Su gia ting hoat tinh cda protein ¢6 thé dugc x4c nhan bang cach do hoat
tinh ctia protein.

Su gia ting hoat tinh cua protein cling ¢6 thé duoc xac nhén bing cach
x4c nhén sy gia tding muc biéu hién cta gen ma hoa protein. Sy gia tang muc
bidu hién cua gen c6 thé dugc xac nhan bang cach x4c nhan sy gia tang murc
phién ma cua gen, hodc béng cach xac nhan sy gia tdng lugng protein dugc biéu
hién tur gen.

Su gia ting muc phién ma clia gen cd thé duoc x4c nhén bang cich so
sanh luong ARN théng tin dugc phién ma tir gen nay véi ching khong duoc cai
bién nhu chiing kiéu dai hodc chiing cha me. Céc vi du vé phuong phép danh gid
luong ARN thong tin bao gdm phép lai Northern, RT-PCR, va v.v. (Sambrook, J.,
et al., Molecular Cloning A Laboratory Manual/Third Edition, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor (USA), 2001). Lugng ARN thong
tin c6 thé tang dén muec, vi du, béng hoac 16n hon 1,5 lan, béng hodac 16n hon 2
14n, hodc bang hodc 16n hon 3 1an lvong ARN thong tin cua chiing khong duoc
cai bién.

Su gia tang vé lugng protein c6 thé duoc x4c nhan bing phép tham tach
Western st dung céc khang thé (Molecular Cloning, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor (USA), 2001). Lugng protein (nhu s6
luong phén tor protein trong mdi t& bao) cb thé gia ting dén muc, vi du, biang
hodc 16n hon 1,5 14n, bing hodc 1én hon 2 1in, hogc bing hogc lén hon 3 lan
luong protein ctia ching khong dugc cai bién.

Cac phuong phéap gia tang hoat tinh ctia protein co thé duoc sir dung dé
ting cudng cdc hoat tinh cta céc protein bt ky nhu cac enzym sinh tdng hop
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axit L-amin, va tang cudng muc biéu hién cua bét ky cac gen nhu cdc gen md
hoéa céc protein bat ky d6, ngoai sy tang cudng hoat tinh cua vt mang hép thu
axit C4-dicarboxylic.
<1-4> Phuong phédp giam hoat tinh cuia protein

Sau day, cac phuwong phép giam hoat tinh clia protein s& dugc giai thich.

Cum tir "hoat tinh cta protein duwgc giam" c6 nghia 1a hoat tinh cta
protein duge giam so véi ching khong duge cai bién. Cu thé, cum tir "hoat tinh
clia protein dugc gidm" c6 nghia 1 hoat tinh ctia protein cho mdi té bao dugc
giam so v&i hoat tinh cta protein ctia ching khong dugc cai bién. Thuat ngit
“chung khong dugc cai bién" dugc st dung & day dé chi ching dbi chimg ma
khong dugc cai bién sao cho hoat tinh ctia protein mong mudn duogc giam. Céc vi
du vé chung khong duge cai bién bao gdm chiing kiéu dai va chung cha me. Céc
vi du cu thé vé chung khong dugc cai bién bao gdm céc ching chuén tuong tng
clia céc loai vi khudn. Céc vi du cu thé vé chung khong duoc cai bién con bao
gdm cac ching dugc liy lam vi du & trén trong phan mo ta vé vi khuan. tic 13,
theo modt phuong 4n, hoat tinh cda protein c6 thé duoc giam so véi ching chuén,
nghia la chung chuén ctia loai ma vi khudn theo séng ché nam trong dé. Theo
phuong 4n khac, hoat tinh ctia protein con ¢o thé duoc gidm so véi ching C.
glutamicum ATCC 13032. Theo phuong én khéc, hoat tinh cia protein cling co
thé duoc giam so véi chung C. glutamicum 2256 (ATCC 13869). Theo phuong
an khéc, hoat tinh cta protein cling cé thé duoc giam so véi ching E. coli K-12
MG1655. Theo phuong 4n khéc nita, hoat tinh clia protein cling c6 thé duogc
giam so véi ching P ananatis AJ13355. Tinh trang ma "hoat tinh ctia protein
duogc giam" cling bao gdm trinh trang ma hoat tinh cta protein da bién mét hoan
toan. Cu thé hon, cum tir "hoat tinh cta protein dugc gidm" c6 thé ¢ nghia 13 s6
lugng phén tr clia protein cho mdi té bao dugc gidm, vahodc chic nang cla
ting phan i protein dugc giam so v6i chung khong dugce cai bién. Ttc 13, thuat
ngtt “hoat tinh" trong cum tir "hoat tinh cta protein dugc giam" khong bi gidi
han & hoat tinh xtc tdc cta protein, nhung cling ¢6 thé c6 nghia 13 muc phién ma
clia gen (nghia 13 lugng ARN théng tin) ma héa protein hodc murc dich ma cua

protein (nghfa la lugng protein). Tinh trang ma "s§ lwong phan tit clia protein cho
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mdi té bao duoc giam" cling bao gdm tinh trang ma hoan toan khong cé protein.
Tinh trang ma "chirc nang ctia mdi phén tir protein dugc giam" con bao gbm tinh
trang ma chirc nang clua mdi phan tir protein d3 hoa toan bién méat. Mtrc do giam
hoat tinh cia protein khong bi gi6i han mot cach cu thé, mién 1a hoat tinh dugc
gidm so voi hoat tinh cua ching khong duoc céi bién. Hoat tinh cua protein ¢
thé duoc giam dén mtrc, vi duy, bang hodc nhé hon 50%, béng hodc nhé hon 20%,
béng hodc nhé hon 10%, béng hodc nhdé hon 5%, hodc 0% so voi hoat tinh
protein cuia chung khong dugc cai bién.

Su cai bién dé giam hoat tinh cta protein c6 thé dat duoc bang cach, vi
du, giam muc biéu hién ctia gen mé hoa protein. Cum tir "murc biéu hién ctia gen
duoc giam" cd nghia 1a muc biéu hién cta gen duogc gidm so véi ching khong
duoc cai bién nhu ching kiéu dai va ching cha me. Cu thé, cum tir "muc biéu
hién cua gen dugc giam" c¢6 nghia la muc biéu hién cta gen cho mdi té bao duoc
giam so v6i mue bidu hién ctia gen & ching khong duoc cai bién. Cu thé hon,
cum tlr "muc biéu hién cta gen dugc giam" ¢d thé c6 nghia 1a mirc phién ma cta
gen (tirc 1a luong ARN thong tin) dugc giam, va/hodc mire dich mé cua gen (tac
la lugng protein dugc biéu hién tlr gen) duoc giam. Tinh trang ma "mirc biéu
hién cta gen dugc gidm" con bao gbm tinh trang ma gen hoan toan khéng dugc
biéu hién. Tinh trang ma "mic biéu hién cia gen dugc giam" con dugc coi 1a
"muc biéu hién cua gen bi suy gidm". Mirc bidu hién ctia gen c6 thé duoc gidm
dén, vi du, béng hodc nho hon 50%, béng hoac nh6 hon 20%, b%mg hodc nhé hon
10%, béng hodc nhé hon 5%, hodac 0% so véi muc biéu hién cta gen cla ching
khong duogc cai bién.

Sy giam muc bidu hién gen c6 thé 1a do, vi du, su giam hiéu suat phién
ma, su gidm hiéu suét dich m4, hodc su két hop clia hai sy gidm néu trén. Muc
biéu hién cta gen c6 thé duoc giam bang cach cai bién trinh ty didu chinh muc
biéu hién cua gen nhu doan khéi dau, chudi Shine-Dalgarno (SD) (con duoc goi
12 vi trf lién két ribosom (RBS)), va ving dém gitta RBS va codon khdi dau cta
gen. Khi trinh tu didu chinh muc biéu hién duge cai bién, tot hon 1a mot hodc
nhidu nucleotit, tot hon nita 13 hai ho#ic nhidu nucleotit, tdt nhat 1 ba hozc nhiéu

nucleotit, cta trinh tuy diéu chinh mirc biéu hién dugc cai bién. Vi dy, hiéu suat
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phién ma ctia gen c6 thé dugc giam bing cach, vi dy, thay thé doan khéi dau cta
gen trén nhiém séac thé bing doan khoi dau yéu hon. Thuat ngir “doan khoi dau
yéu hon" c6 nghia 1a doan khéi dau c6 su phién ma dugc gidm cta gen so voi
doan khoi dau kiéu dai sén c6 cia gen. Cac vi du vé cac doan khai dau yéu hon
bao gém, vi du, cac doan khéi dau cam tmg. Ttc la, doan khoi dau cam mg c6
thé c6 chirc ning nhu doan khéi d4u yéu hon trong diéu kién khong cam Ung
duoc, nhu khéng cé mit tac nhan gdy cam Ung tuong ung. Hon nita, mot phan
hodic toan bd trinh tw didu chinh mirc bidu hién c6 thé duoc loai bd. Mirc biéu
hién cta gen cling co th8 duoc giam béng cach, vi dy, xt ly yéu t6 chiu trach
nhiém diéu chinh sy biéu hién. Céac vi du vé yéu t8 chiu trach nhiém vé su biu
hién bao gém cac phan tu thép chiu trach nhiém diéu chinh su dich ma hoic
phién ma (c4c tac nhan gdy cadm Umg, cc tac nhén uc ché, v.v.), cac protein chiu
trach nhiém diéu chinh sy dich ma hogc phién ma (c4c yéu té phién ma v.v.), cc
axit nucleic chiu trach nhiém diéu chinh sy dich ma ho#c phién ma (siARN v.v.),
va tuong tu. Hon nita, muc biéu hién clia gen ciling c6 thé dugc giam bang cach,
vi du, dua sy dot bién ma lam gidm muc biéu hién cta gen vao trong ving mé
héa cia gen. Vi dy, muc bidu hién cta gen c6 thé dugc giam bang céach thay thé
codon trong vung ma héa cua gen bang codon ciing nghia dugc st dung véi tan
suét it hon trong vat chu. Hon nita, vi dy, mirc biéu hién gen c6 thé dugc giam
nho 1am dat gdy gen nhu duge mo ta dudi day.

Su cai bién dé lam giam hoat tinh clia protein cling c6 thé dat duoc bang
cach, vi du, lam dat gdy gen ma hoéa protein. Cum tir "gen bi lam dut gdy" c6
nghia la gen duogc cai bién sao cho protein ma cé thé c6 chirc nang binh thudng
khéng duoc tao ra. Tinh trang "protein ma c6 céc chirc ndng binh thuong khong
duoc tao ra" bao gdm tinh trang ma protein hoan toan khéng duoc sinh ra tir gen,
va tinh trang ma protein ma chirc nang (nhu hoat tinh hodc dic tinh) cho moi
phan tir dugc giam hodc dugce loai trir dugce tao ra twr gen.

Su dut gdy gen cd thé dat duoc béng céch, vi du, loai bo gen trén nhiém
séc thé. Thuat ngtt “loai bd gen" dé chi su loai bd mot phén hodc toan bd vung
ma hda cua gen. Hon nita, toan bd gen bao gdm céc chudi hudéng 1én trén va

huéng xudng dudi tir ving ma hda cia gen trén nhiém sdc the co thé dugc loai
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b6. Viing duoc loai bd ¢ thé 1a ving bét ky nhu ving cé dau tan cing N (ving
mi héa ving c6 dau tan cling N cta protein), ving bén trong, hodc vung ¢6 dau
tan cung C (vung ma héa vung co dau tan cung C cua protein), mién 14 hoat tinh
clia protein c6 thé duge gidm. Sy loai bo ving dai hon chéc chén s& gdy ra su bét
hoat gen. Viing duoc loai bd ¢6 thé 13, vi dy, ving cé dd dai bang hogc 16n hon
10%, bing hodc 16n hon 20%, bing hogc 16n hon 30%, bing hodc 16n hon 40%,
bing hodc 16n hon 50%, bing hodc 16n hon 60%, bing hogc 16n hon 70%, bing
hodc 1én hon 80%, béng ho#c 16n hon 90%, hodc béng ho#c 16n hon 95% so véi
tbng d6 dai cia ving mé hoéa ciia gen. Hon nita, tdt hon 1a khung doc cta céc
trinh tu hudng 1én dong trén va huéng xubng dong duéi tir ving dugc loai bé 1a
khong gidng nhau. Sy khong nhét quén gitta cdc khung doc c6 thé gdy ra su dich
khung huéng xudng dong duéi cua ving duoc loai bo.

Su dat gdy gen cling co thé dat duoc béng cach, vi du, dua su dot bién dé
thay thé axit amin (sy dot bién nham nghia), codon két thuc (su dot bién vo
nghia), su thém hodc loai bd mot hodc hai gbc nucleotit (sy dot bién dich khung),
hodc twong twr vao trong vung méa héa cia gen trén nhidm séc thé (Journal of
Biological Chemistry, 272:8611-8617 (1997); Proceedings of the National
Academy of Sciences, USA, 95 5511-5515 (1998); Journal of Biological
Chemistry, 26 116, 20833-20839 (1991)).

Su dut gdy gen cling co thé dat duoc béng cach, vi du, xen trinh tu
nucleotit khac vao trong ving mé hoa cta gen trén nhidm séc thé. Vi tri xen c6
thé 14 & ving vat ky cla gen, va su xen trinh tw nucleotit dai hon chéc chin s&
lam bét hoat gen d6. Tt hon 14 cac khung doc cia trinh ty huéng 1én dong trén
va hudng xudng dong duéi tir vi tri xen la khong giéng nhau. Sy khong nhéat
quén cua cac khung doc ¢ thé gy ra su dich khung hudng xubng dong dudi clia
viung dugc loai bo. Trinh tu nucleotit khac khong bi gi¢i han mdt cach cu thé
mién 13 trinh ty ma 1dm gidm hodc loai trir hoat tinh cla protein dugc ma hoa
duoc chon, va cac vi du ctia nd bao gdm, vi du, gen danh d4u nhu céac gen khang
khéang sinh, va gen hitu ich cho su san xuAt chat mong mudn.

Cu thé, sy 1am dut giy gen c6 thé dugc thuc hién sao cho trinh tu axit

amin cta protein dugc mé hoa duoc loai bd. Noi cach khéc, su cai bién dé lam
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giam hoat tinh cua protein co6 thé dat duoc béng cach, vi duy, loai bo trinh ty axit
amin cuia protein, cu thé, cai bién gen dé m3 hoa protein ma cd trinh ty axit amin
duoc loai bd. Thuat ngft “su loai bo trinh tu axit amin cta protein" 1a dé chi su
loai bd mdt phan hodc todn bd ving trinh ty axit amin ctia protein. Ngoai ra,
thuét ngit “loai bé trinh tu axit amin cta protein" ¢ nghia la trinh ty axit amin
ban diu bién mét trong protein, va cling bao gbm trudng hop trong do trinh tur
axit amin ban dau duoc thay ddi thanh trinh ty axit amin khac. Ttc 14, vi du,
vung ma dugc thay ddi thanh trinh tu axit amin khac boi sy dich khung co6 thé
duoc coi 14 ving duoc loai bo. Khi trinh ty axit amin cla protein dugc loai bo,
chiéu dai toan phan cua protein bi rit ngén, nhung ciing c6 thé c6 trudong hop &
d6 chidu dai toan phan cua protein khong thay ddi hodc duoc gidn dai ra. Vi dy,
bang cach loai bd mot phan hodc toan by ving ma hda cua gen, vung dugc ma
héa baoi ving dugc loai bo co thé duoc loai bo trong protein duoc ma hoa. Ngoai
ra, vi du, bing céch dua codon két thac vao trong ving méi héa cua gen, ving
duoc mé hoa boi vung hudng xubng dong duéi cta vi tri dua vao cé thé duoc
loai bo trong protein duge ma héa. Ngoai ra, vi dy, nho sy dich khung & vung ma
hoa ciia gen, ving dugc mé hoa boi ving dich khung ¢6 thé duoc loai bd trong
protein dugc ma hda. Cac phan mb ta néu trén lién quan dén vi tri va chiéu dai
cia ving dugc loai bd trong qua trinh loai bo cua gen ¢o thé duoc 4p dung véi
c4c su thay ddi can thiét cho vi trf va chiéu dai cta viung duoc loai bo trong qua
trinh loai bo trinh tu axit amin cla protein.

Su cai bién gen trén nhiém séc thé nhu dugc mo ta & trén cb thé dat duoc
bang cach, vi du, tao ra gen kiéu dat gdy duoc cai bién sao cho n6 khong thé tao
ra protein ma c6 chuc nang thong thuong, va bién nap vét chii véi ADN tai tb
hop chita gen kiéu dut gy dé gy ra qué trinh tai td hop tuong dong gitta gen
kiéu dut gdy va gen kiéu dai trén nhiém sdc thé va bang cach do thay thé gen
kiéu dai bing gen kiéu dut gy trén nhiém sic thé. Trong qua trinh nay, néu gen
danh ddu dugc chon theo cac dic tinh clia vat cha nhu sy khuyét dudng co6 lién
quan dén ADN tai td hop, qua trinh nay tr& nén dé dang hon. Cac vi du vé gen
kiéu dut gdy bao gébm gen ma mot phan hozc todn bd viing ma hoa dugce loai bo,

gen bao gdm sy dot bien nham nghia, gen bao gom sy dot bien v6 nghia, gen bao

-78-



31749

gém su dot bién dich khung, va gen dugc dua vao véi trinh tyr xen doan nhu gen
nhay hodc gen danh dAu. Protein dugc mé hoa bdi gen kiéu dit gdy c6 c4u hinh
khéc v6i cdu hinh ciia protein kiéu dai, ngay ca khi n6 dugc tao thanh, va nhu
véy chtic nang clia nd bi suy giam hodc dugc loai trir. Gen lam dut gdy trén co SO
su thay thé gen sir dung qu4 trinh tai t6 hop twong dong da duge tién hanh, va c6
cac phuong phap ADN mach thing nhu phuong php dugc goi la "Red driven
integration" (sy dinh gén dugc dan truyén boi Red) (Datsenko, K.A, and Wanner,
B.L., Proc. Natl. Acad. Sci. USA, 97:6640-6645 (2000)), va phuong phap st
dung su dinh gin duge dan truyén béi Red két hop véi hé cét thu dugc tir thé
thuc khudn \ (Cho, E.H., Gumport, R.I., Gardner, J.F., J. Bacteriol., 184:5200-
5203 (2002)) (tham khao WO02005/010175), phwong phép sir dung plasmit co
didm khéi dAu sao chép mén cam nhiét do, phuong phép st dung plasmit c6 kha
nang van chuyén tiép hop, phuong phap sir dung vét truyén tu st khdng c6 diém
khoi ddu sao chép ma c6 chiic nang trong vat chu (patent M s6 6,303,383, don
yéu cau cap patent Nhat Ban chua xét nghiém (Kokai) s6 05-007491), va tuong
tu,

Su cai bién dé 1am gidm hoat tinh cta protein cling c6 thé dat duoc bang
cach, vi du, xir Iy bang tac nhan gy dot bién. Céc vi du vé qua trinh xtr ly béng
tac nhan gay dot bién bao gdm sy chiéu tia X hodc tia cyc tim va qua trinh xir Iy
bang tac nhan gy dot bién nhu N-metyl-N'-nitro-N-nitrosoguanidin (MNNG),
etyl metansulfonat (EMS), va metyl metansulfonat (MMS).

Cé4c phuong phéap lam gidm hoat tinh ctia protein nhu néu trén co thé
duoc st dung mot cach doc 1ap hodc theo su két hop bat ky.

Khi protein ¢6 chic ning nhu mot phirc hop gbém nhidu ciu tric siéu
phan ttr, mot phén hodc toan bo céc cAu trGc siéu phan tr ndy c6 thé duoc cai
bién, mién 14 hoat tinh cta protein dugc giam. Ttc 13, vi dy, mot pht‘?m hoac toan
bd cac gen ma ma hoa cac cAu trac siéu phan ti twong Ung c6 thé duoc 1a dut
iy hodc tuong tu. Hon nita, khi c6 mot loat céc isozym cua protein, mdt phan
ho#c hoan bd hoat tinh cta céc isozym nay co thé duoc giam, mién 13 hoat tinh
cua protein dugc giam. Tuc 13, vi dy, mot phén hodc toan bd cac gen ma ma hoa

céc isozym tuong Umg co thé duoc lam dirt gdy hodc tuong tu.
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Su giam hoat tinh cla protein c6 thé duoc xac nhan béng cach do hoat
tinh ctia protein.

Su giam hoat tinh cta protein cling co thé duoc xac nhan bing cach xac
nhéan sy gidm murc biéu hién clia gen ma hoa protein. Sy gidm mirc biéu hién cta
gen cé thé duoc xac nhan bing cach x4c nhan su giam muc phién mé clia gen
ho#c su giam lugng protein dugc biéu hién tir gen do.

Su giam muc phién ma cta gen ¢ thé duoc x4c nhén bang cach so sanh
luong ARN thdng tin dugc phién mé tir gen v6i lugng ARN théng tin cta chung
khéng dugc cai bién. Céc vi du vé& phuong phép danh gié luong ARN thong tin
bao gdm phuong phap lai Northern, RT-PCR, va tuong tu (Molecular Cloning,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor (USA), 2001). Luong
ARN thdng tin t6t hon 1a duge giam dén muec, vi du, bing hodc nhé hon 50%,
béng hodc nhé hon 20%, bﬁng hodc nho hon 10%, béng hodc nho hon 5%, hodc
0% so v6i luong ARN thong tin cua ching khong duge cai bién.

Su giam luong protein cé thé dugc xdc nhan phuong phap tham tach
Western st dung cac khang thé (Molecular Cloning, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor (USA) 2001). Luong protein (nhu sb
lwong phén ti ctia protein trén mdi té bao) tdt hon 1a duoc gidm dén mue, vi dy,
bang hodc nhé hon 50%, béng hodc nhé hon 20%, bang hodc nhé hon 10%, bang
hodc nhé hon 5%, hodc 0% so véi lugng protein ctia chung khong dugc céi bién.

Sy lam dat gly gen co thé duoc x4c nhan bang céch x4c dinh trinh tu
nucleotit ctia mot phn hodc toan bd gen, ban db enzym gidi han, do dai day du,
hodc tuong tur cia gen phu thude vao cach thie duge str dung dé 1am dut gay.

Cac phuong phap dé lam giam hoat tinh ctia protein nhu néu trén c6 thé
dugc ap dung dé lam giam céc hoat tinh ctia cac protein bat ky nhu enzym ma
xuc tac phan Umg tach ra tir chu trinh sinh tong hop cla axit L-amin mong mudn
d8 tao ra hop chét khac véi axit L-amin mong mubn, va giam mirc biéu hién cua
céc gen bat ky nhu céc gen ma hoa cac protein bét ky do.
<2> Phuong phép san xuét axit L-amin séng ché

Phuong phéap theo sang ché 13 phuong phdp san xuét axit L-amin bao
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gdm budc nudi chy vi khun theo sang ché trong moi trudng dé tich tu axit L-
amin trong moi truong ndy va’hodc cac té bao cua vi khuén, va thu gom axit L-
amin tir moi trudong nudi cdy va/hoic cac té bao cta vi khuln. Axit L-amin dugc
san xuét trong sang ché 13 axit L-amin khéac véi axit L-aspartic. Theo sang ché,
mot loai axit L-amin co thé duoc san xuét, hodc hai ho#c nhiéu loai axit L-amin
6 thé duoc san XUAt.

MBbi truong dugc st dung khong bi gidi han mot cach cu thé, mién la vi
khuén theo sang ché c6 thé sinh trudng trong moi trudong nay, va axit L-amin
mong mudn ¢ thé dugc tao ra. Bé lam moi trudong nudi cdy, vi du, mdi trudong
thuong dugc st dung dé nuoi céy céc vi khudn nhu vi khudn coryneform va vi
khudn Enterobacteriaceae cb thé duge st dung. Pé 1am moi trudng nudi cly, vi
du, moi truong chira ngudn cacbon, ngudn nito, ngudn phospho, va ngudn luu
huynh, cling nhu c4c thanh phan dugc ChQn‘drcécthénh_phén,hﬁu.cc va cac
thanh phén v6 co khéc nhau néu can cé thé duoc st dung. Loai va ndéng do cua
cac thanh phén mdi trudng co thé duoc xac dinh theo céc diéu kién khac nhau
nhu loai vi khuén duge st dung.

Céc vi du cu thé vé nguén cacbon bao géln, vi du, sacarit nhu glucoza,
fructoza, sucroza, lactoza, galactoza, xyloza, arabinoza, mét mia, chét thuy phan
cua tinh bot, Vé.chétthﬁy'phén,cﬁasﬁnh khéL cac axit hitu co nhu axit axetic,
axit fumaric, axit xitric, va axit sucxinic, cac rugu nhu glyxerol, glyxerol nguyén
liéu, va etanol, va céc axit béo. Pé lam ngudn cacbon, cac nguyén liéu co ngudn
géc tir thuc vat cé thé duoc uu tién st dung. Céc vi du vé thuc vat bao gém, vi
du, ngd, laa, lta mi, ddu tuong, mia, cu cai, va cdy bong. Céc vi du vé céc
nguyén liéu co ngudn gdc tir thuc vat bao gbm, vi du, cac bd phén nhu ré, cudng,
than, canh, 14, hoa, va hat, than thyc vat bao gém cac bd phén néu trén, va cac
san phdm phan hiy cta cac bd phén thuc vat nay. Cac dang cua cac nguyén liéu
c6 ngudn ge tir thuc vét & thoi diém st dung khong bi gici han mot cach cu thé,
va ching c6 thé dugc st dung & dang bét ky nhu san phim chua dugc xu 1y,
nude ép, san pham nghién, va san pham dugc tinh ché. Céc pentoza nhu xyloza,
cac hexoza nhu glucoza, hodc cac hdn hop ctia ching ¢ thé thu dugc tir, vi dy,

sinh khéi thue vat, va dugc st dung. Cu thé, cac sacarit ndy c6 thé thu dugce bing
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cach cho sinh khéi thuc vat di xir Iy nhu xr 1y hoi nudc, thity phan bang axit
dam dic, thuy phan bang axit lodng, thiy phén bang enzym nhu xenlulaza, va xtt
Iy kiém. Vi hemixenluloza thuong dugc thily phan dé dang hon so véi xenluloza,
hemixenluloza trong sinh khéi thuc vat cé thé dugc thily phan trudc dé giai
phéng céc pentoza, va sau d6 xenluloza c6 thé dugc thuy phan dé tao ra hexoza.
Hon nita, xyloza cé thé dugc cung cép bang cach chuyén héa tir hexoza béang
cach, vi dy, truyén chu trinh chuyén hoa hexoza nhu glucoza thanh xyloza vao
trong vi khuan theo sang ché. P& 1am ngudn cacbon, mot loai ngudn cacbon
riéng biét co thé duoc st dung, hodc co thé st dung két hop hai hozc nhiéu loai
ngudn cacbon.

Cac vi du cu thé vé nguén nito bao gém, vi du, céc mudi amoni nhu
amoni sulfat, amoni clorua, v amoni phosphat, céc ngudn nito hitu co nhu
pepton, dich chiét nAm men, dich chiét thit, va cac san phidm phan huy protein
dau tuong, amoniac, va ure. Khi amoniac hodc nudc amoniac duoc st dung dé
didu chinh do pH ciing 6 thé duge sit dung 1am ngudn nito. D& lam nguon nito,
mot loai nguén nito riéng biét cd thé duoc st dung, hodc ¢é thé st dung két hop
hai ho#ic nhiéu loai ngudn nito.

Céc vi du cu thé vé nguén phosphat bao gém, vi du, cac mudi cua axit
phosphoric nhu kali dihydrogenphosphat va dikali hydrogenphosphat, va cac
polyme clia axit phosphoric nhu axit pyrophosphoric. Pé 1am ngudn phosphat,
mot loai nguén phosphat riéng biét cd thé duoc str dung, hoic c6 thé st dung két
hop hai hodc nhiéu loai ngudn phosphat.

Céc vi du cu thé v& ngudn luu huynh bao gbm, vi du, cac hop chat luu
huynh v6 co nhu cac sulfat, cac thiosulfat, va cac sulfit, va cdc axit amin chtra
luu huynh nhu xystein, xystin, va glutathion. Pé 1am ngudn luu huynh, mot loai
ngudn luu huynh riéng biét co thé dugc st dung, hodc ¢6 thé st dung két hop hai
hodc nhiéu loai ngudn luu huynh.

Céc vi du cu thé v& c4c thanh phan hitu co va c4c thanh phan v6 co khac
nhau bao gém, vi du, cac mudi vo co nhu natri clorua va kali clorua; cac kim loai
vét nhu sét, mangan, magie, va canxi; cac vitamin nhu vitamin B1, vitamin B2,

vitamin B6, axit nicotinic, nicotinamit, va vitamin B12; céc axit amin; cac axit
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nucleic; va cac thanh phan hitu co chta céc chét nay nhu pepton, axit casamino,
dich chiét ndm men, va san phim phén hily protein ddu tuong. Dé 1am cac thanh
phan hitu co va thanh phan v6 co khac nhau, mot loai thanh phan riéng biét c6
thé duge st dung, hosic c6 thé st dung két hop hai hoc nhiéu loai thanh phan.

Hon nita, khi dot bién khuyét dudng ma c6 nhu cAu axit amin ho#c chét
twong tu cho sy sinh truong ctia né duoc su dung, t6t hon 1a cung cép chét dinh
dudng can thiét vio moi trudng nudi cdy.

Hon nita, tot hon 13, vi du, giéi han lugng biotin trong méi trudng, hoac
bésungchéthoatdéngbérnéthoécpenbdhn\@ornéiﬂubng

Cac diéu kién nudi céy khong bi gidi han mot cach cu thé mién 1a vi
khudn theo sang ché c6 thé phét trién dugc, va axit L-amin mong mudn c6 thé
duoc san xudt. Qua trinh nuoi céy c6 thé duoc tién hanh, vi dy, trong céc diéu
kién thong thuong duoc st dung dé nudi ciy cac vi khudn nhu vi khuan
coryneform va vi khudn Enterobacteriaceae. Cc diéu kién nudi cdy cé thé dugc
thiét 1ap thich hop theo cac didu kién khéc nhau nhu loai vi khuan duge s dung.

Qua4 trinh nudi cdy cé thd duoc tién hanh bang cach st dung mdi trudng
long. O thoi diém nuéi cdy, vi khudn theo sang ché dugc nudi cay trén moi
truong ran nhu moi trudng thach c6 thé duoc cdy truc tiép vao trong mdi trudng
long, hodc vi khudn theo séng ché duoc nudi cdy trong moi trudng 16ng nhu nudi
cdy mam c6 thé dugc cdy vao trong mdi trudng léng cho qua trinh nudi chy
chinh. Ttc 14, qué trinh nuoi chy c6 thé duoc thuc hién mot cach riéng biét nhu
nudi cdy mam va nudi cdy chinh. Trong trudng hop nay, cac didu kién nudi cy
cta qué trinh nudi cy mam va nudi cdy chinh c6 thé 1a giéng hodc khong gibng
nhau. Luong vi khuan theo sing ché co trong moi trudong nay & thoi diém bét dau
nuéi cdy khong bi giéi han mét céch cu thé. Qué trinh nudi cdy chinh c6 thé
duoc thuc hién bang cach, vi dy, cdy dich nuoi cdy mam vao moéi truong cho qué
trinh nudi cdy chinh & lugng tir 1 dén 50% (thé tich/thé tich).

Qua trinh nudi cdy co thé duoc tién hanh dudi dang nudi cdy theo mé,
nuoi céy theo mé-cép liéu, nuoi céy lién tuc, hodc sy két hop céc qué trinh nuoi
cdy nay. Moi truong duge sir dung & thoi didm bat ddu qua trinh nudi cdy con
duoc goi 1a "mdi truong khoi dAu". Mbi trudng duge cap cho hé thdng nudi cay
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(thung 1én men) trong qua trinh nudi cdy theo mé-cép lidu hodc qué trinh nudi
cdy lién tuc con duogc goi 1a "mdi truong cAp liéu". Hon nira, dé cap moi truong
cap liéu vao hé thdng nudi ciy trong qua trinh nudi cdy theo mé-cip lidu hodc
qua trinh nuéi cdy lién tuc con duge goi la "cap lidu". Hon nita, khi qué trinh
nudi cdy duogc tién hanh riéng biét nhu qué trinh nubi cdy mam va qua trinh nudi
cdy chinh, vi dy, ca qué trinh nudi cdy mim va qud trinh nudi ciy chinh c6 thé
duoc thuc hién dudi dang qua trinh nudi céy theo mé. Theo cach khac, vi du, qua
trinh nuoi céy mam c6 thé duoc thuc hién nhu nudi céy theo mé, va qua trinh
nudi chy chinh c6 thé duoc thuc hién nhu qué trinh nudi cdy theo mé-cap lidu
hodc qua trinh nudi cy lién tuc.

Trong sang ché, cac thanh phin madi trudng ma mdi thanh phan c6 thé
dugc chra trong moéi trudong khai dAu, mdi trudong cdp liéu, hoc ca hai moi
truong nay. Céc loai thanh phén dugc chtta trong méi truong khoi dAu co thé 1a
gidng hoic ¢6 thé khong giéng cac loai thanh phan duoc chira trong mdi trudng
chp liéu. Ndng do cta timg thanh phan dugc chira trong méi trudng khoi dau c6
thé 1a gibng hoic c6 thé khong gidng ndng do cta thanh phan duoc chira trong
mdi trudong cip liéu. Hon nita, hai hodc nhidu loai moi trudng cip lidu chira céc
loai thanh phén khac nhau va/hodc cac néng d6 thanh phén khéc nhau c6 thé
duoc st dung. Vi dy, khi mai truong dugc cap lidu gian doan nhiéu 1an, cac loai
va/hodc cac ndng do clia cc thanh phan dugc chita trong cadc méi trudong cp liéu
c6 thé 13 giéng hoic co thé khéng giéng nhau cho timg qua trinh cap liéu.

Nong d6 ctia ngudn cacbon trong mdi truong ndy khong bi gidi han mot
cach cu thé, mién 1a vi khuén theo sing ché c6 thé phat trién va san xuét axit L-
amin. Nong do cta ngudn cacbon trong mdi trudng nay coé thé cao ngang véi
pham vi ma sy san xuét axit L-amin khong bi rc ché. Nong do cia nguﬁ“)n cacbon
trong mai trudng co thé 13, nhu ndng d6 ban dau (ndng do trong mdi trudng khoi
dAu), vi du, tir 1 dén 30% (trong luong/thé tich), t6t hon 1a tir 3 dén 10% (trong
luong/thé tich). Hon nita, ngudn cacbon co thé dugc cap bd sung vao mai trudng
néu can. Vi du, ngudn cacbon cé thé duoc cdp bd sung vao moi trudong ty 18
thudn véi su tiéu thu nguén cacbon cung v&i tién d6 clia qua trinh 1én men.

Qué trinh nudi cay c6 thé dugc tién hanh, vi du, trong dieu kién hiéu khi.
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Thuat nglt “diéu kién hidu khi" 1a dé chi didu kién trong do néng do oxy hoa tan
trong moi truong 1éng khong thip hon 0,33ppm, 1a giéi han phat hién dé phat
hién bing dién cuc mang oxy, hodc c6 thé tbt hon 14 didu kién & d6 nong do oxy
hoa tan trong moi trudng 16ng khong thap hon 1,5ppm. Ndng d6 oxy c6 thé dugc
didu chinh dén, vi du, tir 5 dén 50%, t6t hon 1a khoang 10% ndng dd oxy bdo hoa.
Cu thé, qua trinh nuéi cdy dudi diéu kién hiéu khi c6 thé duge tién hanh bang
céch nuéi cdy thong khi, nuoi cdy rung, nudi cay co khudy, hodc két hop cic qua
trinh nuéi cdy nay. D6 pH ctia mdi trudng co thé 13, vi du, tir 3 dén 10, t6t hon 12
tr 4,0 dén 9,5. Trong qua trinh nuoi céy, do pH cta mdi truong cod thé dugc diéu
chinh néu can. D6 pH ctia mdi trudng cb thd dugc didu chinh bing cach st dung
cac chat kidm va chét axit khac nhau nhu khi amoniac, nugc amoniac, natri
carbonat, natri bicarbonat, kali carbonat, kali bicarbonat, magie carbonat, natri
hydroxit, canxi hydroxit, va magie hydroxit. Nhiét d§ nu6i chy c6 thé 13, vi du, tur
20 dén 45°C, t6t hon 14 tir 25 dén 37°C. Thoi gian nudi cdy c6 thé 13, vi dy, tr 10
dén 120 gid. Qua trinh nudi chy c6 thé 1a lién tuc cho dén khi ngudn cacbon c¢6
trong moi trudong nay dugce tiéu thu, hodc cho dén khi vi khudn theo séng ché hao
hét hoat tinh. Bang cach nudi cay vi khuén theo sang ché trong cac didu kién nhu
dugc md ta & trén, axit L-amin duoc tich tu trong moéi trudong nay va’hodc trong
céc té bao cta vi khuan.

Hon nita, khi axit L-glutamic dugc san xuét, qué trinh nuoi cly ¢6 thé
duoc tién hanh bing cach st dung mdi truong 1ong duge diéu chinh dé théa man
diéu kién trong d6 axit L-glutamic dugc két tha, trong khi két tia axit L-glutamic
trong moi truong. Cac vi du vé diéu kién trong d6 axit L-glutamic dugc két tha
bao gdm, vi du, d6 pH = 5,0 dén 4,0, tt hon 1a d6 pH = 4,5 dén 4,0, tét hon nira
1a d6 pH = 4,3 dén 4,0, tot nhat 13 & do pH khoang 4,0 (EP1078989A).

Su san xuét axit L-amin c6 thé dugc x4c nhan bing céc phuong phép da
biét duoc st dung dé phat hién hoic nhan biét cac hop chit. Cac vi du vé cac
phuong phép nhu vay bao gbm, vi du, HPLC, LC/MS, GC/MS, va NMR. Céc
phuong phép nay co thé duoc st dung mot cach doc 1ap, hodc co thé duoc st
dung két hop mdt cach thich hop.

Axit L-amin dugc tao ra c6 thé duge thu gom tir mdi trudng 16ng 1én men
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bang cac phuong phap da biét duoc sir dung dé tach va tinh ché cac hop chét.
Céc vi du vé cac phuong phép nhu vay bao gdm, vi du, phuong phép nhua trao
ddi ion (Nagai, H. et al., Separation Science and Technology, 39(16), 3691-3710),
két ta, tach mang (don yéu cau cap patent Nhat Ban chua xét nghiém (Kokai) sd
9-164323 va don yéu ciu cip patent Nhat Ban chua xét nghiém (Kokai) sb 9-
173792), va két tinh (WO2008/078448 va W02008/078646). Cac phuong phap
nay cé thé dugc st dung doc 1ap, hodc cb thé duoc st dung két hop mot cach
thich hop. Khi axit L-amin duogc tich ty trong cac té bao cua vi khudn, vi du, cac
té bao c6 thé duoc pha v& bang séng siéu 4m hodc tuong tu, phén nbi 1én trén bé
mit c6 thé thu duoc bing cach loai bé cac té bao khoi huyén phi chira té bao bi
phé v& bing cach li tim, va axit L-amin c¢6 thé dugc thu gom tir phan noi lén trén
bé mat bing phuong phap nhya trao ddi ion hodc phuong phap tuong tu. Axit L-
amin dugc thu gom c6 thé 14 hop chét tu do, mubi ctia n6, hodc hdn hop ctia no.
Cac vi du vé mudi bao gém, vi du, sulfat, hydroclorua, carbonat, mudi amoni,
mudi natri, va mudi kali. Khi axit L-glutamic dugc tao ra, axit L-glutamic dugc
thu gom c6 thé 1, vi du, axit L-glutamic tu do, natri L-glutamat (mononatri L-
glutamat, MSG), amoni L-glutamat (monoamoni L-glutamat), hodc hdn hop clia
céc hop chat nay. Vi du, mononatri L-glutamat (MSG) c6 thé thu dugc bing cach
bd sung axit vao mdi trudong 1ong 1én men dé két tinh amoni L-glutamat c6 trong
dé, va sau d6 bing cach bd sung lugng déng mol cta natri hydroxit vao céc tinh
thé. Ngoai ra, su khir mau c6 thé duoc tién hanh bang cach st dung than hoat
tinh trudc va/hodc sau khi két tinh (xem, Tetsuya KAWAKITA, "Industrial
Crystallization for Mononatri L-Glutamate.", Bulletin of the Society of Sea
Water Science, Japan, Vol.56:5). Tinh thé mononatri L-glutamat c6 thé duoc st
dung nhu, vi dy, gia vi umami. Tinh thé mononatri L-glutamat cfing ¢ thé duoc
str dung 13 gia vi két hgp véi axit nucleic nhu natri guanylat va natri inosinat, ma
cling c¢6 vi umami.

Khi axit L-amin duogc két tia trong mdi trudng, axit ndy c6 thé duoc thu
gom bang cach li tAm, loc, hodc tuong tu. Axit L-amin két tha trong mdi trudng
ndy cling c6 thé duge tach cing véi axit L-amin hoa tan trong mdi truong, sau do

axit L-amin hoa tan trong moi truong nay dugc két tinh.
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Axit L-amin dugc thu gom c6 thé chira céc thanh phén nhu céc té bao vi
khuén, cac thanh phan mdi trudong, do 4m, va san pham phu trao d6i chét cua vi
khuén ngoai axit L-amin. Axit L-amin thu gom duoc cfing c6 thé dugc tinh ché
dén mic mong mudbn. D§ tinh khiét ctia axit L-amin dugc thu gom cé thé 14, vi
du, bang hodc cao hon 50% (trong lugng/trong lugng), tbt hon 13 bang hodc cao
hon 85% (trong lugng/trong luong), t5t nhit 1a bang hodc cao hon 95% (trong
luong/trong luong) (JP1214636B, USP5,431,933, USP4,956,471, USP4,777,051,
USP4,946,654, USP5,840,358, USP6,238,714, va US2005/0025878).
Vi du thwe hién sang ché

Sau day, sang ché s& duogc giai thich cu thé hon véi su tham khdo céc vi
du. Tuy nhién, sang ché khéng bj gidi han boi cac vi dy nay.
Vi du: Quy trinh nuoi cAy san xuét axit glutamic st dung chiing Corynebacterium
glutamicum c6 muc biéu hién dugc gia ting clia gen mang hép thu axit C4-
dicarboxylic

Trong vi du nay, su san xuét axit glutamic c6 thé duoc thuc hién bang
cach st dung chung san xuét axit glutamic C. glutamicum dugc dua vao véi gen
ma héa vt mang hép thu axit C4-dicarboxylic ¢ khé ning hép thu axit aspartic
(Cg-dctA, Ec-dctA, Ec-dcuA, hodc Ec-dcuB), va hiéu qua cla su gia ting muic
bidu hién ctia gen mang hép thu axit C4-dicarboxylic déi véi sy san xudt axit
glutamic dugc danh gia.
(1) Nguyén liéu

Céc nguyén liéu dugc st dung trong trong vi du nay la nhu sau.

Béang 1: Poan mdi dugce st dung

Poan | SEQID
N Trinh tu nucleotit (5'—3")
moi NO
1 1 CCAAGCTTGCATGCCAGGAGGATTATAATGGATTCAAACACAGAATCTTC
2 2 CGGTACCCGGGGATCCTAGTGGTCTTCTTCTAACTCCAC
3 3 CCAAGCTTGCATGCCAGGAGGATTATAATGAAAACCTCTCTGTTTAAAAGCC
4 4 CGGTACCCGGGGATCTTAAGAGGATAATTCGTGCG
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5 5 CCAAGCTTGCATGCCAGGAGGATTATAATGCTAGTTGTAGAACTCATCATAG
6 6 CGGTACCCGGGGATCTTACAGCATGAAGCTACCCAGCACG

7 7 CCAAGCTTGCATGCCAGGAGGATTATAATGTTATTTACTATCCAACTTATC

8 8 CGGTACCCGGGGATCTTATAAGAACCCGTACATCGCGGCG

<Plasmit dugc sir dung>
pVK9 (KmR; US2006-0141588)
pVK9-Cg-dctA (KmR; don yéu ciu clp patent nay)
pVK9-Ec-dctA (KmR; don yéu clu clp patent nay)
pVK9-Ec-dcuA (KmR; don yéu ciu cap patent nay)
pVK9-Ec-dcuB (KmR; don yéu clu cép patent nay)
<Chtng dugc st dung>
C. glutamicum 2256AsucAAldhA yggB* (W02014/185430)
C. glutamicum 2256 AsucAAldhA yggB*/pVK9 (don yéu cau cip patent nay)

C. glutamicum 2256AsucAAldhA yggB*/pVK9-Cg-dctA (don yéu cau cap
patent nay)

C. glutamicum 2256 AsucAAldhA yggB*/pVK9-Ec-dctA (don yéu clu cip
patent nay)

C. glutamicum 2256 AsucAAldhA yggB*/pVK9-Ec-dcuA (don yéu cau cap
patent nay)

C. glutamicum 2256AsucAAldhA yggB*/pVK9-Ec-dcuB (don yéu cau cép
patent nay)
(2) Tao ra cac plasmit va cac chung
PCR duogc tién hanh bang cach st dung ADN hé gen cua chung C.
glutamicum 2256 (ATCC 13869) lam khuon mAu, va céc doan mdi 1 va 2, dé
khuéch dai doan ADN chita gen dctA cua C. glutamicum (Cg-dctA). Doan ADN
thu dugc va pVK9 (US2006-0141588) duoc cit bang BamHI va Pstl dugc gén
bang cach sir dung bo dung cu Clontech In-fusion HD Cloning Kit (TaKaRa Inc.),
dé tao thanh pVK9-Cg-dctA, 1a plasmit biéu hién ctia Cg-dctA.
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Theo cach gibng nhu vay, PCR dugc tién hanh bang cach sir dung ADN
hé gen cua ching E. coli K-12 MG1655 (ATCC 47076) lam khu6n mau, két hop
v&i cac doan mdi 3 va 4 dé khuéch dai doan ADN chira gen det4 cia E. coli (Ec-
dctA), cac doan mdi 5 va 6 dé khuéch dai doan ADN chira gen dcud cua E. coli
(Ec-dcuA), va cac doan mdi 7 va 8 dé khuéch dai doan ADN chita gen dcuB cla
E. coli (Ec-dcuB), va cac doan ADN thu dugc duoc gén véi pVKO, dé tao ra
pVKO9-Ec-dctA, pVK9-Ec-dcuA, va pVK9-Ec-dcuB, 1a céc plasmit biéu hién ctia
cac gen do.

Céc plasmit dugc tao ra dugc dua vao trong chung C. glutamicum
2256AsucAAldhA yggB* (WO2014/185430), d& tao ra cac ching c6 muc biéu
hién dugc gia ting cua cac gen mang hép thu axit C4-dicarboxylic tuong Ung.
Ching 2256AsucAAldhA yggB* la chung san xuét axit glutamic thu duge tur
ching C. glutamicum 2256 (ATCC 13869). Ching 2256AsucAAldhA yggB*
khuyét cac gen IdhA va sucA, va cé sy dot bién IS (V419::IS) & gen yggB. Trinh
tu nucleotit ciia gen yggB dot bién nay (V419:IS) va trinh ty axit amin cia
protein YggB dot bién (V419::1S) duoc ma hoa bdi gen duoc thé hién trong céc
SEQ ID NO: 11 va 12.

(3) Quy trinh nuéi ciy san xuét axit glutamic

Quy trinh nudi cdy san xudit axit glutamic duge tién hanh béng céch sir dung

timg chung. Thanh phan ctia méi trudng duge st dung dugce thé hién trong bang 2.

Bang 2: Thanh phan mai truong

Glucoza 80 g/L
(NH4)st4 30 g/L
KH,PO4 1 g/L
MgSO4° 7H,0 0,4 g/L
FeSQO4* 7TH,O 0,01 g/L
MnSO4-5H,0 0,01 g/L
VB, 200 pg/L
Biotin 300 pg/L
Mameno 0,48 g/L
CaCOs 50 g/L
Axit sucxinic 1 g/L
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MBoi trudng 6 thanh phan néu trén duoc didu chinh dén d6 pH=8,0 bang
KOH duoc diéu ché, va thanh tring bing ndi hp (115°C, 10 phut). Méi trudng
duoc thanh tring duoc bd sung CaCO; dugc thanh trung bing cach gia nhiét khd
(180°C, 6 gid) & ndng d6 cudi 50 g/L, va dugc st dung dé nuoi cay.

MJi ching dugc cdy vao trong SmL moéi trudng chita 50g/L CaCOs dugc
chta trong 6ng nghiém 16n, va duge nudi cdy & 31,5°C c6 rung véi tbc do 120
vong/phit bang cach sir dung may rung kiéu hop (ABLE ML-190). O thoi diém
18 gid sau khi bét ddu nudi cdy, dich nudi ciy duoc 1dy mau. Céac ndéng do cua
axit glutamic va axit aspartic trong dich nuoi cy duoc dinh luong bing céach st
dung 14n luot thiét bi phan tich Biotech-analyzer AS-310 (SAKURA SI) va thiét
bi phén tich axit amin L-8800A (HITACHI).

Céc két qua duogc thé hién trén Fig. 1. Mec tich 1y axit glutamic (Glu)
duoc cai thién nho mc biéu hién dugc gia ting ctia Cg-dctA, Ec-dctA, Ec-dcuA,
hodc Ec-dcuB. Ngoai ra, sy tao ra san pham phu axit aspartic dugc gidm nhd su
gia tdng muc biéu hién ctia Cg-dctA, Ec-dctA, Ec-dcuA, hodc Ec-deuB.

Nhu duge néu & trén, mic di dd cé bdo cdo rang phuong phéap san xuét
axit L-amin st dung coryneform vi khudn c¢6 muc biéu hién dugc gia ting cla
gen dctA va axit L-glutamic dugc ldy 1am vi du cho axit L-amin, nhung lai
khong cho biét axit L-glutamic c¢6 thé dugc san xuit bang cach sir dung vi khuén
nay hay khong (tai li€u sang ché 3). Hon nita, xét trén thuc té 1a protein dugc ma
hoa bai gen detA c6 kha nang hép thu dbi véi axit L-glutamic (tai liéu phi sang
ché 4), ngudi ¢ hidu biét trung binh trong linh vyc nay s& du doén rang muc
biéu hién dugc gia ting ctia gen dctA kich thich sy hép thu axit L-glutamic vao
trong té bao, va boi vay lugng tich tu axit L-glutamic trong mai truong bi giam.
Nghia 13, ngudi c6 hiéu biét trung binh trong linh vuc nay khong thé dy doén
réng mirc san xuét axit L-glutamic duoc cai thién béi sy gia tdng mirc biéu hién
cua gen dctA, va vi vay, tai liéu sang ché 3 v& co ban khong boc 16 phwong phap
san xuét axit L-glutamic bang cach sir dung vi khuén coryneform c6 mirc biéu
hién duoc gia tang cua gen dctA. Ngoai ra, cling véi ly do gidng nhu vay, khé ma
ting cudng mirc bidu hién ctia gen detd dé san xuét axit L-glutamic.

Hon nita, trong khi protein dugc ma hoa boi gen detd co6 kha nang hap
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thu ddi véi axit L-glutamic (tai liéu phi séng ché 4), protein dugc ma héa bdi gen
yggB c6 kha ning tiét axit L-glutamic (tai liéu phi sang ché 5). Nguoi c6 hiéu
biét trung binh trong linh vuc nay khong thé suy doan dugc rang viéc str dung
két hop gen dctd va gen yggB, ma hai gen ndy co chirc nang trai nguoc nhau, lai
hitu ich cho quy trinh san xuét axit L-glutamic, va vi vay, cling kho ma két hop
sir dung gen dctA va gen yggB dot bién dé san xuét axit L-glutamic.

Giai thich vé danh muyc trinh tu

Cac SEQ ID NO:

1-8: Céc doan moi

9: Trinh tu nucleotit cta gen yggB cla Corynebacterium glutamicum 2256
(ATCC 13869)

10: Trinh tu axit amin cua protein YggB ctia Corynebacterium glutamicum 2256

(ATCC 13869)

11: Trinh tu nucleotit ciia gen yggB dot bién (V419::1S) ctia Corynebacterium
glutamicum 2256 (ATCC 13869)

12: Trinh tu axit amin cla protein dugc ma hoa bdi gen yggB dot bién (V419::1S)
cua Corynebacterium glutamicum 2256 (ATCC 13869)

13: Trinh tu nucleotit cta gen xfp cla Bifidobacterium longum JCM1217

14: Trinh tu axit amin cua protein Xfp cua Bifidobacterium longum JCM1217

15: Trinh tu nucleotit cua gen dctd cua Corynebacterium glutamicum 2256

(ATCC 13869)

16: Trinh tu axit amin cua protein DctA ctia Corynebacterium glutamicum 2256
(ATCC 13869)

17: Trinh tu nucleotit clia gen dctA cua Escherichia coli K-12 MG1655
18: Trinh tu axit amin cua protein DctA cua Escherichia coli K-12 MG1655
19: Trinh tu nucleotit cua gen dcud cua Escherichia coli K-12 MG16355
20: Trinh tu axit amin cla protein DcuA cua Escherichia coli K-12 MG1655
21: Trinh tu nucleotit ctia gen dcuB cua Escherichia coli K-12 MG1655
22: Trinh tu axit amin cta protein DcuB cuia Escherichia coli K-12 MG1655
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YEU CAU BAO HQ

1. Phuong phap san xuét axit L-amin, phuong phap nay bao gbm bude:

A) nudi cdy vi khuan c6 kha ning san sinh axit L-amin trong mdi truong
dan dén sy tich tu axit L-amin trong mdi trudng nay; va

B) thu gom axit L-amin tr mdi truong;

trong do vi khudn d& duogc cai bién sao cho hoat tinh cta vat mang hép
thu axit C4-dicarboxylic dugc gia tdng so voi vi khun khéng dugc cai bién,

trong d6 vat mang hép thu axit C4-dicarboxylic 1a protein dugc mé hoa
bai gen dugc chon tir nhém bao gdm gen dctA, gen dcuA, gen dcuB va cac dang
td hop cua ching, va

trong d6 axit L-amin 1a axit L-amin khéc v6i axit L-aspartic,

v6i diéu kién 13 axit L-amin 13 axit L-glutamic khi vat mang hép thu axit
C4-dicarboxylic 14 protein dugc mé hoa bdi gen dctA, va

vé6i didu kién 13 vi khuan da duogc céi bién tiép dé mang gen yggB dot
bién khi vi khudn 1a vi khuin coryneform va vt mang hép thu axit C4-
dicarboxylic 1a protein dugc mé héa bdi gen dctA.
2. Phuong phap theo diém 1, trong d6 gen dctA ma héa protein duge chon tir
nhém bao gdm:
(a) protein bao gdm trinh tu axit amin ctia SEQ ID NO: 16 hodc 18;
(b) protein bao gbm trinh ty axit amin cua SEQ ID NO: 16 hogc 18, nhung con

cO ca su thé doan, khuyét doan, xen doan, va/hodc thém doan cua 1 dén 10 géc
axit amin, va trong d6 protein nay c6 hoat tinh hép thu axit L-aspartic;

(¢) protein bao gdm trinh ty axit amin ¢6 d6 twong ddng bang 90% hoic cao hon
so voi trinh tu axit amin ctia SEQ ID NO: 16 hodc 18, va trong d6 protein nay ¢
hoat tinh hép thu axit aspartic.

3. Phuong phép theo diém 1, trong d6 gen dcuA ma hoa protein dugc chon tir
nhém bao gdm:

(a) protein bao gdm trinh ty axit amin ctia SEQ ID NO: 20;

(b) protein bao gdm trinh tu axit amin ctia SEQ ID NO: 20, nhung con c6 ca sy
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thé doan, khuyét doan, xen doan, va/hodc thém doan cua 1 dén 10 géc axit amin,
va trong d6 protein nay c6 hoat tinh hép thu axit aspartic;

(c) protein bao gdm trinh tu axit amin c6 d§ tuong ddng bang 90% hoic cao hon
so véi trinh tu axit amin cia SEQ ID NO: 20, va trong d6 protein nay c6 hoat
tinh hép thu axit aspartic.

4. Phuong phap theo diém 1, trong d6 gen dcuB mi hoéa protein dugc chon tur
nhém bao gom:

(a) protein bao gdm trinh tu axit amin cta SEQ ID NO: 22;

(b) protein bao gdm trinh tu axit amin cta SEQ ID NO: 22, nhung con ¢6 ca su
thé doan, khuyét doan, xen doan, va/hodc thém doan cua 1 dén 10 géc axit amin,
va trong d6 protein nay c6 hoat tinh hép thu axit aspartic;

(c) protein bao gdm trinh ty axit amin c6 do tuong ddng bang 90% hotc cao hon
so véi trinh tu axit amin cia SEQ ID NO: 22, va trong do6 protein nay cd hoat
tinh hép thu axit aspartic.

5. Phuong phép theo diém 1, trong d6 hoat tinh cta vt mang hép thu axit C4-
dicarboxylic dugc gia tang bang cach gia ting muc biéu hién ctia gen ma héa vat
mang hép thu axit C4-dicarboxylic.

6. Phuong phap theo diém 5, trong d6 mirc biéu hién cua gen duoc gia ting bang
cach gia tang s6 lugng ban sao cua gen va/hodc cai bién trinh tu didu chinh mirc
biéu hién clia gen.

7. Phuong phap theo diém 1, trong d6 vi khuan da dugc cai bién tiép sao cho
hoat tinh ctia phosphoketolaza duoc gia ting so v6i vi khuan khéng duoc cai
bién. v

8. Phuong phap theo diém 7, trong d6 phosphoketolaza la D-xyluloza-5-
phosphat phosphoketolaza va/hodc fructoza-6-phosphat phosphoketolaza.

9. Phuong phép theo diém 7, trong d6 hoat tinh ctia phosphoketolaza dugc gia

ting bang cach gia ting murc biéu hién ctia gen ma hdéa phosphoketolaza.

10. Phuong phép theo diém 1, trong d6 vi khudn 12 vi khudn coryneform hogc vi

khuin thudc ho Enterobacteriaceae.

11. Phuong phép theo diém 1, trong d6 vi khudn 1a vi khudn thudc gidng
-03-



31749

Corynebacterium.
12. Phuong phép theo di8m 11, trong d6 vi khuén 1a Corynebacterium
glutamicum.
13. Phuong phéap theo diém 1, trong d6 vi khudn 13 vi khudn thudc gidng
Pantoea hodc Escherichia.
14. Phuong phép theo diém 13, trong d6 vi khuén 1a Pantoea ananatis hodc
Escherichia coli.
15. Phuong phap theo diém 1, trong d6 axit L-amin la axit L-amin thudc ho
glutamat.
16. Phuong phap theo diém 15, trong d6 axit L-amin ctia ho glutamat dugc chon
t nhom bao gém axit L-glutamic, L-glutamin, L-prolin, L-arginin, L-xitrulin, L-
ornitin va hdn hop cua chung.
17. Phuong phap theo diém 15, trong d6 axit L-amin ctia ho glutamat 1a axit L-
glutamic.
18. Phuong phéap theo diém 1, trong d6 axit L-glutamic 14 monoamoni L-
glutamat hodc mononatri L-glutamat.
19. Phuong phap theo diém 1,

trong d6 axit L-amin 1a axit L-amin cia ho glutamat, va

trong d6 vi khuan da duoc cai bién tiép sao cho hoat tinh cla o-
ketoglutarat dehydrogenaza va/hodc sucxinat dehydrogenaza bi giam so voi vi
khuén khéng duoc cai bién.
20. Phuong phép theo diém 1,

trong d6 vi khuan 13 vi khuan coryneform, va

trong do vi khun da dugc cai bién tiép dé mang gen yggB dot bién.
21. Phuong phép theo diém 20, trong d6 gen yggB dot bién c6 sy dot bién ma
truyén kha ning san sinh axit L-glutamic dugc cdi thién cho vi khuén
coryneform.
22. Phuong phép theo diém 21, trong d6 gen yggB dot bién c6 sy dot bién duoc

chon tir nhém bao gbm:
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(1) su dot bién & ving ma hoa cho cac gbe axit amin & cac vi tri 419 dén
533 cua SEQ ID NO: 10,

(2) su dot bién & ving ma hoéa cho ving chuyén mang ctia SEQ ID NO:
10, va

(3) su két hop ctia chiing.

23. Phuong phép theo diém 22, trong d6 gen YggB kiéu dai m& hoa protein
YggB ma dugc chon tir nhém bao gbm:

(a) protein bao gém trinh tu axit amin cia SEQ ID NO: 10;

(b) protein bao gbm trinh tu axit amin ctia SEQ ID NO: 10, nhung con c6
ca su thé doan, khuyét doan, xen doan, va/hoac thém doan cua 1 dén 10 géc axit
amin, va trong dé protein nay, khi biéu hién qué mirc trong vi khuén coryneform,
thi truyén kha ning san sinh axit L-glutamic dugc cai thién cho vi khuén
coryneform;

(c) protein bao gdm trinh tur axit amin ¢ d¢ twong ddng biang 90% hoic
cao hon so véi trinh ty axit amin cia SEQ ID NO: 10, va trong do6 protein nay,
khi biéu hién qua murc trong vi khudn coryneform, thi truyén kha ning sén sinh

axit L-glutamic dugc cai thién cho vi khuén coryneform.
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<220>
<223> Doan moéi

<400> 4
cggtacccgg ggatcttaag aggataattc gtgceg

<210> 5

<211> 52

<212> ADN

<213> Trinh ty nhén tao

220>
<223> Doan modi

<40@> 5
ccaagcttge atgccaggag gattataatg ctagttgtag aactcatcat ag

<210> 6

<211> 40

<212> ADN

<213> Trinh ty nhén tao

€220>
<223> Doan mdi

<408> 6
cggtacccgg ggatcttaca gcatgaagct acccagcacg

210> 7

<211> 51

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> Doan modi

<400> 7
ccaagcttge atgccaggag gattataatg ttatttacta tccaacttat ¢

<210> 8

<211> 40

<212> ADN

<213> Trinh ty nhan tao

220>
<223> Doan moi

<400> 8
cggtacccgg ggatcttata agaacccgta catcgeggeg
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<210> 9

<211> 1602
<212> ADN
<213>

<400> 9

atgattttag
accggttttg
ctggccatge
aaccagctcg
cttgcegtct
accattgegt
ggatttttca
aacggcatcg
acgattgcac
tctaataact
atcacagatg
atcgcaccgg
acggtggtcg
aatcaatggc
tacggcagceg
gagccaaaga
gctgeggega
gcectcggega
gaactctcca
ttccgcactg
cgcatgagca
actgtggaac
acctcaactg
gtgcccacta
acctcaaccc
gccacgtcege
accgeggtcec

<210>
21>
<212>
<213>

10
533
PRT

<400> 180
Met Ile Leu
1
Trp Ile Val
Ile
35

Glu

Phe Leu
Val
50
Ala

Arg

Phe
65
Leu

Gly

Ala Vval

Ala Ile Pro

gcgtacccat
atgtagcaat
gtattatcaa
cgttcgetgg
ccgcgatgcea
cagctgccat
tcctgacgga
ttgttgaagg
aagagaccgt
ggtcgegtgc
tcatcgecgeg
aaatcctegg
gcatgccgtg
tggtcgaacg
caaccactac
cctcgettat
cggttgcatc
tcaatgcagg
gcgaagaacc
attactaccc
cttcecctgtt
caagtgagaa
cggtgaccac
cggtggagga
ctgcaaccgc
aggaggaaac
aagaaacagt

Gly
5
Asp
20
Pro

Ser

Val

val Pro Ile
Thr Gly
Arg Ile
Ala Ala

Gly Val

tcaatatttg
tatcctggtc
gcagcgagtg
cgttggegtt
ggcttttggt
tggtcttggt
aaagcaattc
caccgtcatt
gatcatcccg
ggttgtcgtt
ctctgaagct
tgaactcgat
gatggtcacc
cgccatccge
atcgggaacc
cgacgcctcc
gctagctgcea
caatccagag
ggaagaaaca
aaatcggtgg
gttggetgcg
ttggcaaaac
ctccgaaact
gaccccaacg
aacgccccag
gactgcatcg
tgcgccgacg

Gln

Phe Asp

Gly Arg
40
Asp Ala
55

Tyr Ile

70

Ser
85
Ala

Ala Met

Thr Ile

Gln Ala

Ala Ser
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ctctattcat
ttggegtttt
gagtctgcag
tatatcgcgc
ttctctctcg
gcgcagtcga
ggcgtegete
gagatcacca
aactccacgg
attccgatcc
gcgactcgtc
gtgcacccag
atgcgtttcc
acagaaatca
ctcattgatt
ccccaggcetce
tcgtctaacg
aaggaacttg
gcaaaaccag
cagaagatcc
ctgectettge
tccagtggat
tccgegecag
atggaatcta
cgagccgaca
cagacgcagt
tccacccctt

Corynebacterium glutamicum

Leu Leu
10

Ala

Tyr
Val Ile
25

Leu

Ala Met

Asp Thr Thr
Ile
75

Phe

Ala Gln

Phe Gly
90
Ala

Ala Ile

-08-

tgtggaattg
tgattccacg
ccgatgegga
aaattgtggc
cgggcegetgc
ttgttgegga
actgggtegcg
tgcgegegac
cgaaagtgtg
ccatgttggg
gcgecacttgg
ccacggaagt
tcgtgcaagt
tcaacgaatt
ccttacacgt
ttaaggaacc
acgatgcaga
attccgatgt
atcactctct
tgtcgtttgg
tgtcactatt
ggctgtcacc
caagcacgcc
gecgtecgaaac
ccatcgaacc
ctccagcagt

ag

Tyr Ser

Ile Leu
30
Ile
45
Asn

Arg

Lys
69
Val Ala

Ser Leu

Gly Leu

Leu
Val
Ile
Gln
Phe
Ala

Gly

gattgtcgat
tatcggccga
caccactaag
gtttttcatg
gattccggca
cttcttggcec
ctttgagggc
caaaattcgc
catcaacaat
ttctgaaaac
ccaggagaaa
cacaccgcca
caccgeceggce
ctgggaagaa
tgagcatgaa
gaagccggag
caatgcagac
gctggaacaa
ccgaggcttc
cggacgtgtc
taaggtcatg
aagcactgcc
ttcgatgaca
gcagcaggaa
gaccgaggaa
ggaagcacca

Trp Asn
15
Leu Ala

Lys Gln

Leu Ala

Phe Met
80
Gly Ala
95

Ala Gln

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
260

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1602



Ser
Gln
Val
145
Thr
Cys
Ile
Glu
Ile
225
Thr
Val
Ile
Gly
Ser
305
Ala
Asp
Leu
Glu
Tyr
385
Arg
Phe
Gly
Glu
Val
465
Thr
Pro

Gln

Pro

Ile
Phe
130
Glu
Ile
Ile
Pro
Ala
210
Leu
Val
Thr
Ile
Thr
290
Leu
Ala
Asn
Asp
Thr
370
Tyr
Met
Lys
Trp
Thr
450
Glu
Ser
Thr

Ser

Thr
530

Val
115
Gly
Gly
Ala
Asn
Met
195
Ala
Gly
Val
Ala
Asn
275
Leu
Ile
Ala
Ala
Ser
355
Ala
Pro
Ser
Val
Leu
435
Ser
Glu
Thr
Glu
Pro

515
Ser

100
Ala

val
Thr
Gln
Asn
180
Leu
Thr
Glu
Gly
Gly
260
Glu
Ile
Asp
Thr
Asp
340
Asp
Lys
Asnh
Thr
Met
420
Ser
Ala
Thr
Pro
Glu
500
Ala

Thr

Asp
Gly
Val
Glu
165
Ser
Gly
Arg
Leu
Met
245
Asn
Phe
Asp
Ala
Val
325
Ala
Val
Pro
Arg
Ser
405
Thr
Pro
Pro
Pro
Ala
485
Ala
Val

Pro

Phe
Asp
Ile
150
Thr
Asn
Ser
Arg
Asp
230
Pro
Gln
Trp
Ser
Ser
310
Ala
Ser
Leu
Asp
Trp
390
Leu
Val
Ser
Ala
Thr
470
Thr
Thr

Glu

Leu
Trp
135
Glu
Val
Asn
Glu
Ala
215
Val
Trp
Trp
Glu
Leu
295
Pro
Ser
Ala
Glu
His
375
Gln
Leu
Glu
Thr
Ser
455
Met
Ala

Ser

Ala

Ala
120
Val
Ile
Ile
Trp
Asn
200
Leu
His
Met
Leu
Glu
280
His
Gln
Leu
Ile
Gln

360
Ser

Lys

Leu
Pro
Ala
440
Thr
Glu
Thr
Gln

Pro
520

31749

105
Gly

Arg
Thr
Ile
Ser
185
Ile
Gly
Pro
Val
Val
265
Tyr
Val
Ala
Ala
Asn
345
Glu
Leu
Ile
Gly
Ser
425
Thr
Pro
Ser
Pro
Glu

505
Thr

Phe
Phe
Met
Pro
170
Arg
Thr
Gln
Ala
Thr
250
Glu
Gly
Glu
Leu
Ala
330
Ala
Leu
Arg
Leu
Ala
410
Glu
Ser
Ser
Ser
Gln
490
Glu

Ala

-90-

Phe
Glu
Arg
155
Asn
Ala
Asp
Glu
Thr
235
Met
Arg
Ser
His
Lys
315
Ser
Gly
Ser
Gly
Ser
395
Leu
Asn
Thr
Met
Val
475
Arg
Thr

Val

Ile
Gly
140
Ala
Ser
Val
Val
Lys
220
Glu
Arg
Ala
Ala
Glu
300
Glu
Ser
Asn
Ser
Phe
380
Phe
Leu
Trp
Ala
Thr
460
Glu
Ala
Thr

Gln

Leu
125
Asn
Thr
Thr
Val
Ile
205
Ile
Val
Phe
Ile
Thr
285
Glu
Pro
Asn
Pro
Glu
365
Phe
Gly
Leu
Gln
Val
445
Val
Thr
Asp
Ala

Glu
525

110
Thr

Gly
Lys
Ala
Val
190
Ala
Ala
Thr
Leu
Arg
270
Thr
Pro
Lys
Asp
Glu
350
Glu
Arg
Gly
Leu
Asn
430
Thr
Pro
Gln
Thr
Ser

510
Thr

Glu
Ile
Ile
Lys
175
Ile
Arg
Pro
Pro
Val
255
Thr
Thr
Lys
Pro
Asp
335
Lys
Pro
Thr
Arg
Ser
415
Ser
Thr
Thr
Gln
Ile
495
Gln

Val

Lys
Val
Arg
160
Val
Pro
Ser
Glu
Pro
240
Gln
Glu
Ser
Thr
Glu
320
Ala
Glu
Glu
Asp
Val
400
Leu
Ser
Ser
Thr
Glu
480
Glu
Thr

Ala
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<210> 11

<211> 3063

<212> ADN

<213> Corynebacterium glutamicum

<220>
<221> CDS
<2225 (1)..(1269)

<400> 11
atg att tta ggc gta ccc att caa tat ttg ctc tat tca ttg tgg aat 48
Met Ile Leu Gly Val Pro Ile Gln Tyr Leu Leu Tyr Ser Leu Trp Asn
1 5 10 15
tgg att gtc gat acc ggt ttt gat gta gca att atc ctg gtc ttg gcg 96
Trp Ile Val Asp Thr Gly Phe Asp Val Ala Ile Ile Leu Val Leu Ala
20 25 30
ttt ttg att cca cgt atc ggc cga ctg gecec atg cgt att atc aag cag 144
Phe Leu Ile Pro Arg Ile Gly Arg Leu Ala Met Arg Ile Ile Lys Gln
35 40 45
cga gtg gag tct gca gcc gat gcg gac acc act aag aac cag ctc gcg 192
Arg Val Glu Ser Ala Ala Asp Ala Asp Thr Thr Lys Asn Gln Leu Ala
50 55 60
ttc gct gge gtt gge gtt tat atc gecg caa att gtg geg ttt ttc atg 240
Phe Ala Gly Val Gly val Tyr Ile Ala Gln Ile Val Ala Phe Phe Met
65 70 75 80
ctt gce gtec tcc geg atg cag get ttt ggt ttc tct ctc gecg gge gct 288
Leu Ala Val Ser Ala Met Gln Ala Phe Gly Phe Ser Leu Ala Gly Ala
85 90 95
gcg att ccg gea acc att geg tca gect gec att ggt ctt ggt gcg cag 336
Ala Ile Pro Ala Thr Ile Ala Ser Ala Ala Ile Gly Leu Gly Ala Gln
100 105 110
tcg att gtt gecg gac ttc ttg gec gga ttt ttc atc ctg acg gaa aag 384
Ser Ile Val Ala Asp Phe Leu Ala Gly Phe Phe Ile Leu Thr Glu Lys
115 120 125
caa ttc ggc gtg ggt gac tgg gtg cgc ttt gag ggc aac ggc atc gtt 432
Gln Phe Gly Val Gly Asp Trp Val Arg Phe Glu Gly Asn Gly Ile Val
130 135 140
gtt gaa ggc acc gtc att gag atc acc atg cgc gcg acc aaa att cgc 480
val Glu Gly Thr Val Ile Glu Ile Thr Met Arg Ala Thr Lys Ile Arg
145 150 155 160
acg att gca caa gag acc gtg atc atc ccg aac tcc acg gecg aaa gtg 528
Thr Ile Ala Gln Glu Thr Val Ile Ile Pro Asn Ser Thr Ala Lys Val
165 170 175
tgc atc aac aat tct aat aac tgg tcg cgt geg gtt gtc gtt att ccg 576
Cys Ile Asn Asn Ser Asn Asn Trp Ser Arg Ala Val val val Ile Pro
180 185 190
atc ccc atg ttg ggt tct gaa aac atc aca gat gtc atc gecg cge tct 624
Ile Pro Met Leu Gly Ser Glu Asn Ile Thr Asp Val Ile Ala Arg Ser
195 200 205
gaa gct gcg act cgt cgc gea ctt ggc cag gag aaa atc gca ccg gaa 672
Glu Ala Ala Thr Arg Arg Ala Leu Gly Gln Glu Lys Ile Ala Pro Glu
210 215 220
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atc ctc ggt gaa ctc gat gtg cac cca gcc acg gaa gtc aca ccg cca 720
Ile Leu Gly Glu Leu Asp Val His Pro Ala Thr Glu Val Thr Pro Pro
225 230 235 240
acg gtg gtc ggc atg ccg tgg atg gtc acc atg cgt ttc ctc gtg caa 768
Thr Val Val Gly Met Pro Trp Met Val Thr Met Arg Phe Leu Val Gln
245 250 255
gtc acc gcc gge aat caa tgg ctg gtc gaa cge gece atc cge aca gaa 816
val Thr Ala Gly Asn Gln Trp Leu Val Glu Arg Ala Ile Arg Thr Glu
260 265 270
atc atc aac gaa ttc tgg gaa gaa tac ggc agc gca acc act aca tcg 864
Ile Ile Asn Glu Phe Trp Glu Glu Tyr Gly Ser Ala Thr Thr Thr Ser
275 280 285
gga acc ctc att gat tcc tta cac gtt gag cat gaa gag cca aag acc 912
Gly Thr Leu Ile Asp Ser Leu His val Glu His Glu Glu Pro Lys Thr
290 295 300
tcg ctt atc gac gcc tcc ccc cag gct ctt aag gaa ccg aag ccg gag 960
Ser Leu Ile Asp Ala Ser Pro Gln Ala Leu Lys Glu Pro Lys Pro Glu
305 310 315 320
gct geg geg acg gtt gea tcg cta get gea tcg tct aac gac gat gca 1008
Ala Ala Ala Thr Val Ala Ser Leu Ala Ala Ser Ser Asn Asp Asp Ala
325 330 335
gac aat gca gac gcc tcg geg atc aat gca ggc aat cca gag aag gaa 1856
Asp Asn Ala Asp Ala Ser Ala Ile Asn Ala Gly Asn Pro Glu Lys Glu
340 345 350
ctt gat tcc gat gtg ctg gaa caa gaa ctc tcc agc gaa gaa ccg gaa 1104
Leu Asp Ser Asp Val Leu Glu Gln Glu Leu Ser Ser Glu Glu Pro Glu
355 360 365
gaa aca gca aaa cca gat cac tct ctc cga ggec ttc ttc cgc act gat 1152
Glu Thr Ala Lys Pro Asp His Ser Leu Arg Gly Phe Phe Arg Thr Asp
370 375 380
tac tac cca aat cgg tgg cag aag atc ctg tcg ttt ggc gga cgt gtc 1200
Tyr Tyr Pro Asn Arg Trp Gln Lys Ile Leu Ser Phe Gly Gly Arg Vval
385 390 395 400
cgc atg agc act tcc ctg ttg ttg ggt geg ctg ctc ttg ctg tca cta 1248
Arg Met Ser Thr Ser Leu Leu Leu Gly Ala Leu Leu Leu Leu Ser Leu
405 410 415
ttt aag ggg ctc ttc ctg ttt tagagtgcat tgatcttatg gaccaactgc 1299
Phe Lys Gly Leu Phe Leu Phe
420
cctgaatgga taaggcaccg cagaatgtag tggttcaaat tacggaaacc tagagcaatc 1359
ccacgcaaat gctccaaccg tccgttgate gettcgaccg gaccgttgga gacaccaaca 1419
tcgaaatacg ccaacacatc accaagtcgt ttaaacaaac tacgacccaa ctgcgecgagt 1479
tccttattcg gecccttcaa cacccgaage tgatcaataa tggtcecgeat tttcttettec 1539
gcttcacget tattacccat ctgataacaa tcaataatcg cctgatacgc aagccacgea 1599
agctttaaca ccccgtagtc tttgtcatac geccacaact gctccaaget ttcttgetga 1659
cgaggactca accacttgtg cgtggtcaac aaggtcttcc ggtttttata caacggatcc 1719
tggcttaaac cacgacgctg gtatttctcc cgetggaggc gttgccggea ggeggtgage 1779
ttgtcaccag caagccgcac aacatggaat ggatccatca cgcgacgage agaaggaatg 1839
agttctttac ttgctgtgge gtagecttgg aacccatcca tggacacgat ccgtatctga 1899
ttgcggaact gttcaccgecg ggaaccaage caggaccgta aagcatcagc actacgacct 1959
gggacgacat ctaataaccg ggcaggacac cgtgagtcat accgatgccc ggtcatatcg 2019
acaatcacgg tgacaaaccc atcaccatgc ttagccctat tatgtgacca cttatgctca 2079
tccaccccaa tgacatacac tccatcaaga tggtgaggat cgttatagac cagctcacgg 2139
cacatatcga gggctagttg gcaggttaaa tcccacccta gcccaagtge tttcgeggtt 2199
gcgtgaacac tcatccggtc aatagcaagg cgttgcaaaa tccagegggt gacccggtgg 2259
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gtgacctttt
gtcgggtteg
atgggtaaat
tctgggcagsg
tcggaagcgc
atgttgeccgg
taaaccttaa
ctgtgatgta
aattggcaaa
acctccgaaa
gagaccccaa
gcaacgcccc
acgactgcat
gttgcgecga

taccgtggtc
tgcagcggta
caatgagcat
tggaggtata
cggtgatggt
tagacttcat
ccctgacaaa
ccccaaaacc
actccagtgg
cttccgegec
cgatggaatc
agcgagccga
cgcagacgca
cgtccacccc

agcgcagett
gcgaggtaga
ccggtgests
gtcgagtgceg
gagtcctagt
gggtagagcc
aggctcegttt
ggaagggcca
atggctgtca
agcaagcacg
tagcgtcgaa
caccatcgaa
gtctccagca
ttag

31749

agttctgett
cggataaaca
tgatgacgaa
tctgecttcga
tccgecagtge
ttttgttggt
attttcgggt
tttaaggtca
ccaagcactg
ccttcgatga
acgcagcagg
ccgaccgagg
gtggaagcac

ggaaatactt
gttteggtees
acaccccagg
tcagggtgta
ggcagatggt
gtttggttag
ctacaccgct
tgactgtgga
ccacctcaac
cagtgcccac
aaacctcaac
aagccacgtc
caaccgeggt

ttgcttacat
aaacccgacg
ttgggagcat
atcacctgca
gtcagcgatg
cttagatacc
agcccaggtt
accaagtgag
tgcggtgacc
tacggtggag
ccctgcaacc
gcaggaggaa
ccaagaaaca

<210>
<211>
<212>
<213>

<400>

Met
1
Trp
Phe
Arg
Phe
65
Leu
Ala
Ser
Gln
Val
145
Thr
Cys
Ile
Glu
Ile
225
Thr

Val

Ile
Ile
Leu
Val
50

Ala
Ala
Ile
Ile
Phe
130
Glu
Ile
Ile
Pro
Ala
210
Leu

Val

Thr

12
423
PRT

Corynebacterium glutamicum

12
Leu

Val
Ile
35

Glu
Gly
Val
Pro
Val
115
Gly
Gly
Ala
Asn
Met
195
Ala
Gly
Val

Ala

Gly
Asp
20

Pro
Ser
Val
Ser
Ala
100
Ala
Val
Thr
Gln
Asn
180
Leu
Thr
Glu
Gly

Gly

Val Pro Ile Gln Tyr

5
Thr

Arg
Ala
Gly
Ala
85

Thr
Asp
Gly
Val
Glu
165
Ser
Gly
Arg
Leu
Met

245
Asn

Gly
Ile
Ala
Val
70

Met
Ile
Phe
Asp
Ile
150
Thr
Asn
Ser
Arg
Asp
230

Pro

Gln

Phe
Gly
Asp
55

Tyr
Gln
Ala
Leu
Trp
135
Glu
Val
Asn
Glu
Ala
215
Val
Trp

Trp

Asp
Arg
40

Ala
Ile
Ala
Ser
Ala
120
Val
Ile
Ile
Trp
Asn
200
Leu
His
Met

Leu

Val
25

Leu
Asp
Ala
Phe
Ala
105
Gly
Arg
Thr
Ile
Ser
185
Ile
Gly
Pro

Val

Val

Leu Leu
10

Ala

Tyr

Ile Ile

Ala Met Arg

Thr Thr Lys
60
Ile Val
75

Phe

Gln

Gly Ser

90

Ala Ile Gly

Phe Phe Ile

Phe Glu Gly

140

Met Arg Ala
155

Pro Asn Ser

170

Arg

Ala Val

Thr Asp Val

Gln Glu Lys

220

Ala Thr Glu
235

Thr Met

250

Glu Arg Ala

Arg
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Ser
Leu
Ile
45

Asn
Ala
Leu
Leu
Leu
125
Asn
Thr
Thr
Val
Ile
205
Ile
val
Phe

Ile

Leu Trp
15
Val Leu
30
Ile Lys

Gln Leu

Phe Phe

Ala Gly
95

Gly Ala
110
Thr Glu

Gly Ile

Lys Ile

Ala Lys
175
val Ile
190
Ala Arg

Ala Pro

Thr Pro
Val
255
Arg Thr

Leu

Asn
Ala
Gln
Ala
Met
80

Ala
Gln
Lys
Val
Arg
160
Val
Pro
Ser
Glu
Pro
2490
Gln

Glu

2319
2379
2439
2499
2559
2619
2679
2739
2799
2859
2919
2979
3039
3063



Ile Ile Asn
275
Thr Leu
290

Leu

Gly

Ser
305
Ala

Ala Ala

Asp Asn Ala

Leu Asp
355

Glu Thr Ala
370

Tyr Tyr Pro

385

Arg

Met Ser

Phe Lys

<210>
<211>
<212>
<213>

13
2478
ADN

<400> 13
atgacgagtc
gccctcgaag
tatctgegtt
ctggtgggcec
ttcattgectg
gceggtacct
aaggacgaag
tcccacttceg
ctgtcccacg
gecgacgsgcg
aacccgcgcea
aacccgacca
ggttacgagc
cgtcgetteg
gctcagaccg
ggctggacct
caggtgccgc
ctcgagtcct
cttgecttcea
gtgatccgca
gagtacggcc
gacatcatca
aaccgtctge
gacgaggtcg
cagatggaag
tacgagtcct

Ile

Ser

Gly

260
Glu Phe

Ile Asp

Asp Ala

TPD
Ser

Ser

Glu Glu
280
Leu His
295

Pro Gln

310

Thr val
325
Asp Ala
340
Asp Val

Lys Pro

Asn Arg

Ala
Ser
Leu
Asp

Trp

Ser Leu

Ala Ile

Gln
360
Ser

Glu

His
375

Gln Lys

390

Thr Ser
405
Leu Phe

420

ctgttattgg
gcgttgacaa
ccaacccgcet
actggggcac
accacggcecea
cccagtccta
ctggtctgea
ctccggagac
cttacggcgc
aggctgagac
ccgacggtat
tcectgtcececg
cctacgagtt
ccgagcectgtg
acaacgtgca
gcccgaagta
tggettccge
acaagccgga
tgccgaaggs
acgacctgaa
acggctgges
agaacaaccc
aggcttccta
acgagcacat
gcttcctcega
tcgtccacgt

Leu

Leu

Leu Leu

Phe

Bifidobacterium longum

caccccttgg
gtactggcgc
gatgaaggag
tacccctgge
gaacaccgtg
cctggacggc
gaagttcttc
cccgggetcece
catcatggac
cggeceegetg
cgtgetgecg
catctccgac
cgtcgetggce
ggagaccatc
ccgtecgttc
catcgacggc
ccgcgacacc
agagctgttc
cgagctgegt
gctgecgaac
ccagctcgag
gcgegacttce
cgaagtcacc
gcacgtctcc
ggcttacctg
gatcgactcc

31749

265

Tyr Gly Ser

val Glu His

Ala Leu Lys
315
Ala Ser
330

Ala

Ala

Asn
345
Glu

Gly

Leu Ser

Leu Arg Gly
Ser
395

Leu

Ile Leu

Ala
410

Gly

aagaagctca
gttgccaact
ccctteaccc
ctgaacttcc
atcatcatgg
acctacaccg
cgtcagttct
atccacgagg
aacccgagcc
gctaccgget
atcctgcacc
gaagagctcc
ttcgatgatg
tgggacgaga
tacccgatgc
aagaagaccg
gaggcccact
gacgccaacg
atcggtgcca
ctcgaggact
gccacccgta
cgcatcttceg
aacaagcagt
ggccaggtcg
ctgaccggtc
atgctgaacc
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270
Thr Thr
285

Glu

Ala

Glu
300
Glu

Pro

Pro Lys

Ser Asn Asp
Glu
350

Glu

Asn Pro
Glu
365
Phe

Ser

Phe
380
Phe

Arg

Gly Gly

Leu Leu Leu

acgctccggt
acctttccat
gcgaagatgt
tcatcggceca
geececgggecea
agaccttccc
cttacccggg
gtggtgagct
tgtttgtccc
ggcagtccaa
tcaacggcta
acgagttctt
aggaccacat
tctgecgacat
tgatcttccg
agggctcctg
tcgaggttct
gtgctgtcaa
acccgaacgc
acgaggtcaa
ccctgggtgc
gaccggatga
gggatgcegg
ttgagcagct
gtcacggcat
agcacgccaa

Thr Ser

Lys Thr
Glu
320
Ala

Pro

Asp
335
Lys Glu

Pro Glu

Thr Asp
Val
400
Leu

Arg

Ser
415

ttccgaggaa
cggccagatt
gaagcaccgt
catcaaccgt
cggtggeecg
gaagatcacc
cggcattccg
gggttacgct
ggccatcegtc
caagctcgtg
caagatcgcc
ccacggcatg
gtccatccac
caaggccacc
caccccgaag
gecgtteccac
caagaactgg
ggacgacgtc
caacggtggt
ggaagtggcet
ctacactcgc
gaccgcttcc
ctacatctcc
gtccgagcac
ctggagctcc
gtggcttgag

690
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560



gctaccgtcc
tcccacgttt
gtcctgetga
gcgaacatgce
atcatcgctg
ctcgagaagg
gaggtcgtgc
aagctgaagg
cagtccgcca
gccgacaagce
tacgaccgtc
accaccccgt
gctctgegea
cgtgatgagg
tgggtgtact
gctggegaca

<210>
<211>
<212>
<213>

14
825
PRT

<400> 14
Met Thr Ser
1
Val Ser Glu
Leu
35

Pro

Asn Tyr
Glu
50
Gly

Lys
Trp Thr
65
Phe

Ile Ala

His Gly Gly
Thr
115

Arg

Thr Glu
Phe
130
Glu

Phe
Pro Thr
145
Leu

Ser His

Pro Ala Ile
Gln
195

Ile

Gly Trp
Pro
210
Ser

Leu

Leu
225
Gly

Arg

Tyr Glu

gcgagattcc
gecgtcagga
acaagtgctt
tgctggcecat
gtaagcagcc
gtgccgecgce
ttgccgecege
aactgggcat
aggagaacga
cggtgectgtt
cgaaccacga
acgacatggt
tgatcgacgc
ccttccagtt
ccggegtgaa
acgagtga

Val
5
Ala

Pro

Glu
20
Ser Ile

Phe Thr

Thr Pro
His
85
Ala

Asp

Pro
100
Phe Pro

Gln Phe

Pro Gly

Ile
Leu
Gly
Arg
Gly
70

Gly
Gly
Lys
Ser

Ser

gtggcgcaag
ccacaacggc
ccacaacgac
cgccgagaag
tgctgecacc
ttgggatteg
cggegatgtc
caagttcaag
cgaggctctg
cgcgtaccac
caacttcaac
tcgtgtcaac
cgacaagtac
cgeegtcgac
caccgacaag

Bifidobacterium longum

Gly Thr

Glu Gly

Gln Ile
490
Glu Asp
55
Leu Asn

Gln Asn

Thr Ser

Ile Thr
120
Tyr Pro
135

Ile His

150

Ala Tyr
165
Val Gly
180
Ser Asn

Leu His

Ile Ser

Gly
Asp
Lys
Leu

Asp

Ala Ile

Gly Glu
Val
200
Gly

Leu

Asn
215

Glu Glu

230

Pro Tyr

Glu

Phe Val

Pro
Val
25

Tyr
Val
Phe
Thr
Gln
105
Lys
Gly
Glu
Met
Ala
185
Asn
Tyr

Leu

Ala

31749

ccgattgcct
ttcteccacc
cacgtcatcg
tgctacaagt
tggctgaccc
gcttccaccg
ccgactcagg
gttgtgaacg
accgacgagg
tcctacgcectc
gtccacggcet
cgcatcgacc
gccgacaaga
aacggctacg
aagggtgccg

Trp Lys

Asp Lys

Leu Arg

Lys His
Ile
75
Ile

Leu

Val
90
Ser Tyr

Asp Glu

Gly Ile

Gly Gly
155
Asp Asn
170
Glu Thr

Pro Arg

Lys Ile
Glu
235
Phe

His
Gly

-104-

ccatgaacct
aggatccggsg
gcatctactt
ccaccaacaa
tggacgaggc
ccaagaacaa
agatcatggc
ttgccgacct
agttcgecga
acgacgtgceg
acgaggagga
gctacgagct
tcgacgagct
atcacccgga
tcaccgctac

Lys Leu Asn

Tyr Trp Arg

Asn Pro
45
Leu

Ser
Arg Val
60
Gly

His Ile

Ile Met Gly

Leu Gly
110
Leu

Asp
Ala Gly
125
Pro. Ser His
140
Glu

Leu Gly

Pro Ser Leu
Leu
190

Gly

Gly Pro

Thr Asp
205
Ala Asn
220

Phe

Pro

Phe His

Asp Asp Glu

gectggtctec
tgtcacctcc
cgccaccgat
gatcaacgcc
tcgtgccgag
cgatgaggcc
tgecttcecgac
gctcteectg
catcttcacc
tggcctgatc
gggctccacc
gaccgctgag
cgagaagttc
ctacaccgac
cgecgctacc

Ala
15
Val

Pro
Ala
Leu Met
Gly His
Asnh Arg
Pro

95
Thr

Gly
Tyr
Gln Lys
Phe Ala
Ala

160
Val

Tyr

Phe
175
Ala Thr

Ile Val

Thr Ile

Met
240
His

Gly

Asp

1620
1680
1740
1800
18690
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2478



Met
Glu
Pro
Pro
305
Gln
Leu
Asn
Leu
Asp
385
Glu
Ala
Phe
Val
Glu
465
Gln
Ile
Asn
Arg
Arg
545
val
Phe
Lys
Ala
Ala
625
Glu
Ala

Asn

Ser
Ile
Phe
290
Lys
Val
Lys
Gly
Arg
370
Leu
Tyr
Tyr
Gly
Thr
450
His
Met
Trp
Gln
Lys
530
Gln
Leu
Ala
Ser
Thr
610
Ala
Val
Ala

Val

Ile
Cys
275
Tyr
Tyr
Pro
Asn
Ala
355
Ile
Lys
Gly
Thr
Pro
435
Asn
Met
Glu
Ser
His
515
Pro
Asp
Leu
Thr
Thr
595
Trp
Ala
Val

Ser

Ala
675

His
260
Asp
Pro
Ile
Leu
Trp
340
Val
Gly
Leu
His
Arg
420
Asp
Lys
His
Gly
Ser
500
Ala
Ile
His
Asn
Asp
580
Asn
Leu
Trp
Leu
Asp

660
Asp

245
Arg

Ile
Met
Asp
Ala
325
Leu
Lys
Ala
Pro
Gly
405
Asp
Glu
Gln
Val
Phe
485
Tyr
Lys
Ala
Asn
Lys
565
Ala
Lys
Thr
Asp
Ala
645
Lys

Leu

Arg
Lys
Leu
Gly
310
Ser
Glu
Asp
Asn
Asn
390
Trp
Ile
Thr
Trp
Ser
470
Leu
Glu
Trp
Ser
Gly
550
Cys
Asn
Ile
Leu
Trp
630
Ala

Leu

Leu

Phe
Ala
Ile
295
Lys
Ala
Ser
Asp
Pro
375
Leu
Gly
Ile
Ala
Asp
455
Gly
Glu
Ser
Leu
Met
535
Phe
Phe
Met
Asn
Asp
615
Ala
Ala
Lys

Ser

Ala
Thr
280
Phe
Lys
Arg
Tyr
Val
369
Asn
Glu
Gln
Lys
Ser
440
Ala
Gln
Ala
Phe
Glu
520
Asn
Ser
His
Leu
Ala
600
Glu
Ser
Gly
Glu

Leu
680

31749

Glu
265
Ala
Arg
Thr
Asp
Lys
345
Leu
Ala
Asp
Leu
Asn
425
Asn
Gly
Val
Tyr
Val
505
Ala
Leu
His
Asn
Leu
585
Ile
Ala
Thr
Asp
Leu

665
Gln

250
Leu

Gln
Thr
Glu
Thr
330
Pro
Ala
Asn
Tyr
Glu
410
Asn
Arg
Tyr
Val
Leu
490
His
Thr
Leu
Gln
Asp
570
Ala
Ile
Arg
Ala
Val
659
Gly

Ser

-105-

Trp
Thr
Pro
Gly
315
Glu
Glu
Phe
Gly
Glu
395
Ala
Pro
Leu
Ile
Glu
475
Leu
Val
Val
Val
Asp
555
His
Ile
Ala
Ala
Lys
635
Pro

Ile

Ala

Glu
Asp
Lys
3060
Ser
Ala
Glu
Met
Gly
380
Val
Thr
Arg
Gln
Ser
460
Gln
Thr
Ile
Arg
Ser
540
Pro
Val
Ala
Gly
Glu
620
Asn
Thr
Lys

Lys

Thr
Asn
285
Gly
Trp
His
Leu
Pro
365
Val
Lys
Arg
Asp
Ala
445
Asp
Leu
Gly
Asp
Glu
525
Ser
Gly
Ile
Glu
Lys
605
Leu
Asn
Gln
Phe

Glu
685

Ile
270
Val
Trp
Arg
Phe
Phe
350
Lys
Ile
Glu
Thr
Phe
430
Ser
Glu
Ser
Arg
Ser
510
Ile
His
Val
Gly
Lys
590
Gln
Glu
Asp
Glu
Lys

670
Asn

255
Trp

His
Thr
Ser
Glu
335
Asp
Gly
Arg
Val
Leu
415
Arg
Tyr
Val
Glu
His
495
Met
Pro
Val
Thr
Ile
575
Cys
Pro
Lys
Glu
Ile
655
Val

Asp

Asp
Arg
Cys
His
320
val
Ala
Glu
Asn
Ala
400
Gly
Ile
Glu
Asp
His
480
Gly
Leu
Trp
Trp
Ser
560
Tyr
Tyr
Ala
Gly
Ala
640
Met
Val

Glu



Ala Leu Thr
690

Val Leu

705

Tyr

Phe

Asp Arg

Glu Gly Ser

Asp Arg Tyr

755

Lys Tyr Ala
770

Phe Gln Phe

785

Trp

Val Tyr

Thr Ala Ala

<210>
<211>
<212>
<213>

15
1341
ADN

<400> 15

atggattcaa
aagccgecega
ggcggtatta
accatgtttg
atcggaatcg
gcgtacttca
atccagccag
gagagcagcc
tectgecattta
gcagctcagt
aagctcatct
gcaatggccg
atcctcgect
aaggtgttca
ctgatctttg
cacatcggtg
ttggacggcea
atgccgatga
ggegetgetg
cgecccagaac
gceegegeac
actggcaccg
gagttagaag

216>
211>
212>
<213>

16
446
PRT

Asp Glu

Ala Tyr

Glu

His

Phe Ala
695

Ser Tyr

710

Asn
725
Thr

Pro

Thr
740
Glu Leu

Asp Lys

Ala Val

His
Thr
Thr
Ile

Asp

Asp Asn

Pro Tyr

Ala Glu
760
Asp Glu
775

Asn Gly

790

Ser Gly
805
Thr Ala

820

acacagaatc
agaaggaccg
ccctaggect
tgtccttgat
gttcagtcaa
tcacgatgtc
gtagcggact
ctgaaggact
ctgatggttc
cgatgggtga
tcaagatttt
gegtegttgg
tttacgtcac
ccggegtgaa
ctacctcatc
tggctaaacc
ccgcaattta
gecectcggega
gtgtctcgge
ttctgcacgg
taaccaactt
tggacatgaa
aagaccacta

Val

Gly

Asn Thr

Asp Asn

ttcaagtgtt
cactcactgg
gatttcaccg
caagatgatt
ggcageggcea
cacattcgca
gaacatctca
cttgggattc
ggtgctgeag
aaagggacag
gaactggatt
cgaaacaggc
ctgegtgatc
tatcttcaag
ctctgaatct
aaccgtcgga
cctcaccatg
gcaggtcggt
tgceggtatt
cgttgacgtg
cgccggaaac
ccaagtccat

g

31749

Asp Ile Phe

Ala His Asp
715

Phe Asn Val

730
Asp Met Val
745
Ala

Leu Arg

Leu Glu Lys
His
795
Lys

Tyr Asp
Lys
810
Glu
825

Asp

Corynebacterium glutamicum

gaggtcaaaa
ctctacattg
gagttgggca
atcgctccag
acagtcggac
ctcgcagttg
gttgatgaag
atccactcga
gtactgttca
cccatccttg
ctgtggcetcg
tttgatgcecg
ttcatctttg
ctggtcaagt
gccttgccaa
atcgtggtcc
gcatctatct
ctgettgtct
gcaacgttgg
attgtgggca
tccgtggceaa
gacgttttga

Corynebacterium glutamicum

-106-

Thr Ala
700

Val

Asp

Arg Gly

His Gly Tyr

Val Asn
750
Asp

Arg

Ile
765
Arg

Met

Phe
780
Pro

Asp

Asp Tyr

Gly Ala Vval

acgaacacat
cggtcattat
aagaattcaa
ttattttctg
gecgetggtes
gcectgetagt
aatcttcatt
tcatccctga
tcgecatect
atttcgtatc
ccccagtcegg
ttgttcagcet
gegtgeteggsg
accttgccaa
acctcatgeg
caaccggcta
tcattgccga
tcatgatcat
ctgeceggatt
tcgataaatt
cactgctggt
atggaaaatc

Lys Pro
Ile
720
Glu

Leu

Glu
735
Arg Ile

Ala Asp

Glu Ala

Thr Asp
800
Thr Ala

815

taaagttcaa
cgcattgatt
gattttgggc
caccatcgtc
catcgccctt
cggtaacttc
cgcatccaca
aacgttcttc
cgtgggettt
ccatctgcag
tgcattcggt
cggtattttg
cgcecgtactg
ggaattcctg
caagatggaa
tteccttcaac
cgcgatgaat
cgcatccaag
gtcttcacac
catgtctgaa
cggcaagtgg
tccatttgtg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1341



<400>
Met Asp Ser

1
Ile

Ile
Ser
Ser
65

Ile
Gly
Val
Ile
Glu
145
Ser
Leu
Leu
Trp
Val
225
Ile
Gly
Lys
Glu
Ala
305
Leu
Asp
Val
Gly
Leu
385
Ala

Val

Lys
Ala
Pro
50

Leu
Gly
Ile
Gly
Ser
130
Gly
Ala
Val
Asp
Ile
210
Val
Leu
Ala
Tyr
Ser
290
Lys
Asp
Ala
Phe
Ile
370
His
Arg

Gly

16

Val
Val
35

Glu
Ile
Ile
Ala
Leu
115
Val
Leu
Phe
Gly
Phe
195
Leu
Gly
Ala
Val
Leu
275
Ala
Pro
Gly
Met
Met
355
Ala
Gly

Ala

Asn
Gln
20

Ile
Leu
Lys
Gly
Leu
100
Leu
Asp
Leu
Thr
Phe
180
Val
Trp
Glu
Phe
Leu
260
Ala
Leu
Thr
Thr
Asn
340
Ile
Thr
Val

Leu

Thr
Lys
Ile
Gly
Met
Ser
85

Ala
Val
Glu
Gly
Asp
165
Ala
Ser
Leu
Thr
Tyr
245
Lys
Lys
Pro
Val
Ala
325
Met
Ile
Leu

Asp

Thr
405

Lys Trp Thr

Glu
Pro
Ala
Lys
Ile
79

Val
Tyr
Gly
Glu
Phe
150
Gly
Ala
His
Ala
Gly
230
Val
Val
Glu
Asn
Gly
310
Ile
Pro
Ala
Ala
Val
390

Asn

Gly

Ser
Pro
Leu
Glu
55

Ile
Lys
Phe
Asn
Ser
135
Ile
Ser
Gln
Leu
Pro
215
Phe
Thr
Phe
Phe
Leu
295
Ile
Tyr
Met
Ser
Ala
375
Ile
Phe

Thr

Ser
Lys
Ile
49

Phe
Ala
Ala
Ile
Phe
120
Ser
His
Val
Ser
Gln
200
Val
Asp
Cys
Thr
Leu
280
Met
Val
Leu
Ser
Lys
360
Gly
Val
Ala

Val

31749

Ser
Lys
Gly
Lys
Pro
Ala
Thr
105
Ile
Phe
Ser
Leu
Met
185
Lys
Gly
Ala
Val
Gly
265
Leu
Arg
Val
Thr
Leu
345
Gly
Leu
Gly
Gly

Asp

Val
10

Asp
Gly
Ile
Val
Ala
90

Met
Gln
Ala
Ile
Gln
170
Gly
Leu
Ala
Val
Ile
250
Val
Ile
Lys
Pro
Met
330
Gly
Ala
Ser
Ile
Asn

410
Met

-107-

Glu
Arg
Ile
Leu
Ile
75

Thr
Ser
Pro
Ser
Ile
155
Val
Glu
Ile
Phe
Val
235
Phe
Asn
Phe
Met
Thr
315
Ala
Glu
Ala
Ser
Asp
395

Ser

Asn

Val
Thr
Thr
Gly
60

Phe
val
Thr
Gly

Thr

149

Pro
Leu
Lys
Phe
Gly
220
Gln
Ile
Ile
Ala
Glu
300
Gly
Ser
Gln
Gly
His
380
Lys
Val

Gln

Lys

His
Leu
45

Thr
Cys
Gly
Phe
Ser
125
Glu
Glu
Phe
Gly
Lys
205
Ala
Leu
Phe
Phe
Thr
285
His
Tyr
Ile
Val
Val
365
Arg
Phe
Ala

Val

Asn
Trp
Gly
Met
Thr
Arg
Ala
110
Gly
Ser
Thr
Ile
Gln
190
Ile
Met
Gly
Gly
Lys
270
Ser
Ile
Ser
Phe
Gly
350
Ser
Pro
Met
Thr

His

Glu
15

Leu
Leu
Phe
Ile
Ala
95

Leu
Leu
Ser
Phe
Ala
175
Pro
Leu
Ala
Ile
Val
255
Leu
Ser
Gly
Phe
Ile
335
Leu
Gly
Glu
Ser
Leu

415
Asp

His
Tyr
Ile
val
Val
80

Gly
Ala
Asn
Pro
Phe
160
Ile
Ile
Asn
Gly
Leu
240
Leu
Val
Ser
Val
Asn
320
Ala
Leu
Ala
Leu
Glu
400

Leu

Val



435

<210>
<211>
<212>
<213>

17
1287
ADN

<400> 17

atgaaaacct
attctccttg
ttcgttaagce
attgcgggca
tttgaaattg
cctggtgeceg
gccgatcagg
gtcattggceg
ggttttgcegc
ttctcgcage
ttcggggcaa
cagctgatta
atcgctaaag
ctgattgtac
gagaaactcg
aaccttgatg
aacagtcaga
aaaggeeces
gtgggccatt
gaagctcgtg
tgggtgaaag
ggcaaaacgc

18
428
PRT

<210>
<211>
<212>
<213>

<400>
Met Lys
1

Ile Ala

18
Thr

Ile

Gln Met Lys

35
Pro

Ile Ala

50

420

ctctgtttaa
gccatttcta
tcattaagat
tggaaagcat
tcagtaccat
gaatgaacgt
cgaaagacca
catttgccag
tccaccgtct
tcatcttcgg
tggegtttac
tctgtttcta
cgactggttt
tggggacttc
gctgecgtaa
gcacatcgat
tggatatcgt
caggggtaac
tgccggtage
cgctgactaa
aactggacca
acgaattatc

Ser

5
Gly Ile
20
Pro Leu

Val Ile

Leu Phe
Leu
Gly

Phe

31749

425
Leu Asn Gly Lys Ser Pro Phe Val Glu Leu Glu Glu Asp His

440

Escherichia coli

aagcctttac
tcctgaaata
gatcatcgct
gaaggcggtc
cgcgetgatt
cgatccggcea
gggcattgtc
cggtaacatt
gggcagcaaa
catcatcaat
catcggtaaa
cattacctgt
cagtatcttc
atcttccgag
atcggtgets
atacctgaca
ccaccaaatc
gggtagtggc
gggtctggcg
cctggteggt
caaaaaactg
ctcttaa

Escherichia coli

Lys Ser

Leu Gly
Gly
490
Thr

Asp

Cys
55

Leu
His
25

Phe

Val

Glu
65
Phe

Ser Met Lys

Glu Ile Val

Val Gln

100

Asn Val

Ala Val
70
Ser Thr
85

Pro Gly

Gly
Ile

Ala

Arg
Ala

Gly

tttcaggtcc
ggcgagcaaa
cctgtcatct
ggtcgtaccg
attggtctta
acgcttgatg
gcecttcatta
ctgcaggtgc
ggccaactga
atgatcatgc
tacggcgtcg
atcctgtttg
aaatttatcc
tcggegetgce
gggctggtca
atggcgecgs
acgctgttaa
tttatcgtgc
ctgatcctceg
aacggcgtag
gacgatgtgc

Tyr Phe
10
Phe Tyr

Val Lys

val Thr
Ala
75
Ile

Thr Gly
Ile
90
Asn

Leu

Met Val

105

-108-

430

445

tgacagcgat
tgaaaccgct
tttgtaccgt
gcgeagtcge
tcatcgttaa
cgaaageggt
tggatgtcat
tgectgtttge
tttttaacgt
gtctggcacc
gcacactggt
tggtgctggt
gctacatccg
cgegtatgcet
tcccgacagg
tgtttatcgce
tcgtgttget
tggcggegac
gtatcgaccg
cgaccattgt
tgaataatcg

Gln Val Leu

Glu Ile
30

Lys

Pro

Ile
45
Ile

Leu

Gly Ala

69

agccattggt
tggcgacgec
cgtaacgggc
actgctttac
cgtcgtgcag
agcggtttac
ccecggegagce
cgtactgttt
catcgaaagt
tattggtgcg
gcaactggeg
attgggttca
tgaagaactg
cgacaagatg
ctactcgttt
ccaggccact
gctttettct
gctctctgeg
ctttatgtca
cgttgctaag
tgcgeeggat

Thr Ala
15
Gly Glu

Met Ile

Gly Met

Val
Gly

Asp

Ala

Leu

Pro

Leu
Ile

Ala
110

Leu

Ile
95
Thr

Tyr
80
Val

Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1287



Asp

Ile

Ala

Val

Lys Ala Val Ala

115

Ala Phe Ile Met

130

Phe
145
Gly
Val
Met

Gly

Ala
Phe
Ile
Arg

Lys

Ile
150
Arg

Ser Gly Asn
His
165

Phe

Ala Leu

Glu Ser Ser

180

Leu Ala Pro Ile

195

Tyr Gly Val Gly

210

Cys
225
Ile
Arg

Leu

Val

Phe

Ala

Glu

Pro

Val

Tyr Ile Thr Cys
230
Thr Gly
245

Leu

Lys Ala

Glu Leu Ile

260
Arg Met Leu
275

Gly

Asp

Leu Val Ile

290

Thr
305
Asn
Leu

Val

Leu

Ser

Ser

Leu

Leu

Ala

Thr
310
Ile

Ile Tyr Leu

Gln Met Asp
325
Ser Lys
340

Ala

Ser Gly
Ala
355
Leu

Thr Leu

Ile Leu Gly

376

Leu
385
Trp

Arg

<210>
<211>
<212>
<213>

<400>

atgctagttg
ggaataggta
aaacccggta
tctgecatgce
cgcecgtaacc
tttgetggta

gaacaaggcg

Thr

Val

Ala

Asn Leu Val Gly

390
Glu Leu Asp
405

Gly

Lys

Pro Asp

420

Lys

19

13062

ADN

Escherichia coli

19

tagaactcat
ttggttttgc
acatcccgtt
aggttgcteg
cgaaatacat
ctggcaacat
ttaaaccttg

Val
Asp
135
Leu
Leu
Gln
Gly
Thr
215
Ile
Phe
Val
Lys
Pro
295
Met
Val
Ala
Ser
Ile
375
Asn
His

Thr

Tyr
120
Val
Gln
Gly
Val
Ala
200
Leu
Leu
Ser
Leu
Met
280
Thr
Ala
His
Ala
Ala
360
Asp
Gly
Lys

His

catagttttg
aggcggattg
cgatgtcatc
cggtctggac
cacgatcctc
ctctctggcg
ccgtecgetg

31749

Ala Asp Gln

Ile Pro Ala

Val Leu
155
Gly

Leu
Ser Lys
170
Ile Phe
185

Phe

Gly

Gly Ala

Val Gln Leu
Val
235

Lys

Phe Val

Ile Phe
250
Gly Thr Ser
265
Glu

Lys Leu

Gly Tyr Ser

Ala Val Phe
315
Ile Thr
330

Val

Gln
Gly Thr
345
Val

Gly His

Arg Phe Met

Val Ala Thr
395
Leu Asp
410

Leu

Lys

Glu
425

Ser

ctggecgatct
gggetectgg
tccattatca
tatctggttc
gcaccgatcg
acactgccag
tctactgcag

-109-

Ala Lys Asp

125
Ser Val Ile
140
Phe

Ala Val

Gln Leu Ile

Ile Ile Asn
190
Ala Phe
205

Gln

Met
Gly Leu
220
Leu

vVal Leu

Phe Ile Arg
Glu
270

Arg

Ser Ser

Gly Cys
285
Phe Asn
300

Ile

Leu

Ala Gln

Leu Leu Ile

Gly Ser Gly
350
Pro Val
365

Glu

Leu
Ser Ala
380
Ile

Val Vval

Asp Val Leu

Ser

tcttgggcegc
ttcttgeccege
tggeggttat
atcagacaga
tgacctattt
ttatcgctga
tggtatccge

Gln Gly

Gly Ala
Phe
160
Asn

Leu

Phe
175
Met Ile

Thr Ile

Ile Ile
Ser
240
Ile

Gly

Tyr
255
Ser Ala

Lys Ser

Asp Gly

Ala Thr
320
Val Leu
335
Phe Ile

Ala Gly

Arg Ala

Ala Lys
400
Asn Asn

415

cagattgggg
tattggegtt

cgcegetatt
aaagctgetg
cctgactatc
agttgcgaag
gcagattgcg

60
120
180
240
300
360
420



atcaccgcat
ggcatcagct
gtgatgtcct
cgcaagcegtc
tccggtgcaa
gcaatcatca
gcaatcctga
accgacaaca
ctgggtgtte
accgectggtg
tctgetetgce
ctgaacgttt
ctgcegacct
atcggtaaat
geegtttget

cgccaatctc
acctccatct
tcctggtcac
tggaagages
aaacgtccgt
acagcccaag
tcatcatgct
tcctcaactc
cgtggctggs
aagtgattca
tgtactctca
caccgctgac
acccgacgcet
tcgtcttcaa
tcggettegt

agcggcagtg
gctctcegtyg
tatgctgttc
cctggttgaa
ctggetgttc
catgggtctg
cagcgttgca
cagcaccttc
cgatactttc
gggtcatccg
ggctgcaacc
cgctgttget
ggttgctgcg
ccatccgttc
gctgggtage

31749

gtttacatgt
gtcatcccgt
aactccaaac
ctgcgeggtg
ctgectgggcsg
gttgaaaaac
actctgacca
aaagcaggta
gtttccaaca
tggctgcteg
gcaaaagcac
tctttcgcetg
gtacagatgg
ttcatcccgg
ttcatgctgt

cttccgtgat
ccaccctgcect
tctctgacga
aaaagcagat
tagttggegt
cgctgatgaa
ccgttatctg
tgagcgectg
acatcgactg
ccgtcatctt
tgatgccgat
cggtgtctgg
atgacacggg
gtactctggsg
aa

ggaaggtcat
ggcggttctg
tccgatttat
tgaaatcaaa
ggttatctat
caccaccaac
taaagtcgat
tatttgtatc
gatcaaagat
cttctttget
ggctctggcea
tctgttcatt
tactacccgt
tgttgeccectg

<210>
<211>
<212>
<213>

<400>
Met Leu Val Val

1
Ala

Leu
Val
Val
65

Arg
Phe
Pro
Pro
Pro
145
Gly
Leu
Lys
Val
Thr

225
Ala

Arg
Val
Ile
50

Ala
Arg
Leu
Val
Leu
130
Ile
Ile
Ala
Leu
Glu
210

Ser

Ile

20
433
PRT

Escherichia coli

20

Leu
Leu
35

Ser
Gly
Asn
Thr
Ile
115
Ser
Ser
Ser
Val
Ser
195
Leu

Val

Ile

Gly
20

Ala
Ile
Gly
Pro
Ile
1090
Ala
Thr
Ala
Tyr
Leu
180
Asp
Arg
Trp

Asn

Glu
5
Gly
Ala
Ile
Leu
Lys
85
Phe
Glu
Ala
Ala
Leu
165
Val
Asp
Gly

Leu

Ser
245

Leu
Ile
Ile
Met
Asp
70

Tyr
Ala
Val
Val
Val
150
His
Met
Pro
Glu
Phe

230
Pro

Ile
Gly
Gly
Ala
55

Tyr
Ile
Gly
Ala
Val
135
Val
Leu
Ser
Ile
Lys
215

Leu

Ser

Ile
Ile
Val
40

Val
Leu
Thr
Thr
Lys
120
Ser
Tyr
Leu
Phe
Tyr
200
Gln

Leu

Met

Val
Gly
25

Lys
Ile
Val
Ile
Gly
105
Glu
Ala
Met
Ser
Leu
185
Arg
Ile
Gly

Gly

Leu
10

Phe
Pro
Ala
His
Leu
90

Asn
Gln
Gln
Ser
Val
170
Val
Lys
Glu
Val

Leu
250

-110-

Leu
Ala
Gly
Ala
Gln
75

Ala
Ile
Gly
Ile
Ser
155
Val
Thr
Arg
Ile
Val

235
Val

Ala
Gly
Asn
Ile
60

Thr
Pro
Ser
Val
Ala
140
val
Ile
Met
Leu
Lys
220
Gly

Glu

Ile
Gly
Ile
45

Ser
Glu
Ile
Leu
Lys
125
Ile
Met
Pro
Leu
Glu
205
Ser

Val

Lys

Phe
Leu
30

Pro
Ala
Lys
Val
Ala
110
Pro
Thr
Glu
Ser
Phe
190
Glu
Gly
Val

Pro

Leu
15

Gly
Phe
Met
Leu
Thr
95

Thr
Cys
Ala
Gly
Thr
175
Asn
Gly
Ala
Ile

Leu
255

Gly
Val
Asp
Gln
Leu
80

Tyr
Leu
Arg
Ser
His
160
Leu
Ser
Leu
Lys
Tyr

240
Met

480
540
600
660
720
780
840
%00
960
1020
1080
1140
1200
1260
1302



Asn Thr

Thr Thr

Thr

Val

Asn Ala
260

Ile Cys

275

Thr Phe
290
Trp Leu
305
Thr Ala

Phe Phe

Ala Leu

Val Ala
370
Pro Thr
385
Ile Gly

Gly val

Leu

<210> 21
<211>
<212>

<213>

<400> 21
atgttattta
ggtggtatcg
caccttcagc
gcatcggega
ctgetgegec
accattcttt
gccattaaga
atggggatta
aatgtcacct
tcgacgttaa
gataaagacg
ggtgataccg
attttcctcg
tcctteggeg
ggggcgctega
ttcegttecg
atgttcggtg
ccgtgggect
gegetgeees
gcttcagcac
gcgattcagt
tttattctgce
gcgatgtacg

Lys
Gly
Gly
Phe
Met
355
Ser
Leu
Lys

Ala

Ala Gly

Asp Thr

Ile
Lys
Met

Phe

Leu Ile

Val Asp
280
Ser Ala
295

val Ser

310

Glu Val
325
Ala Ser
340
Pro Met

Phe Ala

Val Ala

Ile

Ala

Ala

Ala

Ala

Gln Gly

Leu Leu

Ala
360
Ser

Leu

Val
375

vVal Gln

390

Val
405
Ala

Phe

Leu
420

1341
ADN
Escherichia coli

ctatccaact
cgctgggttt
caggtaaacc
ccttgcaagc
gcaacccgaa
gcggtacges
acaacatccg
tcgeccagtcc
ttgatggtcg
tcggtatcect
aagagttcca
cgacgctgcet
gggcaatcgce
gcaaaccgct
ttattatcct
gtatgatcgc
cgcatatgtc
atgccattgt
cgattgttcc
cggcttgcta
ttgaccgttc
cggggttgat
ggttcttata

Phe

Val

Asn His

Cys Phe

tatcataata
attaggeggt
accagttgat
ttcgggegst
atatgtctca
tcatgtggtt
tccggaacgt
ggtgtcggtt
ccatcttgag
ggcgatcggt
gaaattcatc
ggataaaaaa
tgtagtcgcc
gtcgatggta
gaccaaaacc
catcgtggceg
tgaaattcag
tctgetgetg
ggtcgegetg
cggttattac
cggcaccacc
tggtgtgagc
a

31749

Ile
265
Thr

Met Leu

Asp Asn

Cys Ile Cys
Ile
315

Trp

Asn Asn
Pro
330
Ser

His
Tyr Gln
345
Leu

Asn Val

Gly Leu Phe

Met Asp Asp
395
Phe Phe
410

Phe

Pro
Gly Val
425

ctgatatgtc
atcggtctgg
gtcatgctgg
cttgatgtca
attgtcgege
tacaccattc
ccgatggegs
gcggtegtgt
ttcctcegate
atcttcagct
tccgtaccgg
ctgccgaaaa
cttcttggtg
ctggttattc
aatcccgegt
gtgtacggta
ggcgtactgg
gtttccaagt
gcgatcggceg
atcctgccga
cacatcggtc
gtatcgtgcg

-111-

Val Ala
270

Asn

Ser
Ile Leu
285
Ile Leu
300

Asp

Gly

Trp Ile

Leu Leu Ala
Thr
350

Leu

Ala Ala
Pro
365
Leu

Ser

Ile
380
Thr

Pro

Gly Thr

Ile Pro Gly
Ser

430

Leu Gly

tgttttatgg
tcattctggt
ttatcattgce
tgctgcaaat
cgtttgtgac
tgcegatcat
caagttctat
ctctggttgc
tgctggcaat
ggttccgegsg
aaaaccgtga
gcaactggct
ctgattcgga
agatgtttat
ctatctcaaa
tcgcatggat
gtgaaatggt
ttgtaaactc
ttgatccggce
cttatccgag
gcttegteat
tctteggetg

Thr Leu

Ser Ser

val Ala

Lys Asp
320
val Ile
335
Ala Lys

Thr Ala

Thr Tyr

Thr Arg
400
Thr Leu
415

Phe Met

tgccagaaag
cttegtcettc
gegtggtgece
tgccgagaag
ctgtacactg
ctacgacgtc
cggtgcacag
gatgctgget
caccattcca
taaagatctg
gtatgtttac
ggcaatgtgg
cctgcgtcca
gctgctgacc
aaacgaagtc
ggcagaaacc
gaaagagtat
tcaggctgeg
atacatcgtg
cgatctggcea
caaccacagc
gatcttcgcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1341



<210>
<211>
<212>
<213>

<400>

Met
Gly
Leu
val
Leu
65

Leu
Thr
Ile
Glu
Ala
145
Asn
Ile
Ser
Phe
Thr
225
Ile
Asp
Ile
Lys
Met
305
Met
Val
Lys

Ala

Leu
Ala
val
Asp
Gln
Leu
Cys
Leu
Arg
130
Ser
Val
Thr
Trp
Ile
210
Leu
Phe
Leu
Gln
Thr
290
Ile
Phe
Lys

Phe

Leu

22
446
PRT

Escherichia coli

22
Phe

Arg
Ile
35

Val
Ala
Arg
Thr
Pro
115
Pro
Pro
Thr
Ile
Phe
195
Ser
Leu
Leu
Arg
Met
275
Asn
Ala
Gly
Glu
Val

355
Ala

Thr
Lys
20

Leu
Met
Ser
Arg
Leu
100
Ile
Met
Val
Phe
Pro
180
Arg
Val
Asp
Gly
Pro
260
Phe
Pro
Ile
Ala
Tyr
340

Asn

Ile

Ile
5
Gly
Val
Leu
Gly
Asn
85
Thr
Ile
Ala
Ser
Asp
165
Ser
Gly
Pro
Lys
Ala
245
Ser
Met
Ala
Val
His
325
Pro

Ser

Gly

Gln
Gly
Phe
Val
Gly
70

Pro
Ile
Tyr
Ala
Val
150
Gly
Thr
Lys
Glu
Lys
230
Ile
Phe
Leu
Ser
Ala
310
Met
Trp
Gln

Val

Leu
Ile
Val
Ile
55

Leu
Lys
Leu
Asp
Ser
135
Ala
Arg
Leu
Asp
Asn
215
Leu
Ala
Gly
Leu
Ile
295
Val
Ser
Ala
Ala

Asp

Ile
Ala
Phe
40

Ile
Asp
Tyr
Cys
Val
120
Ser
Val
His
Ile
Leu
200
Arg
Pro
Vval
Gly
Thr
280
Ser
Tyr
Glu
Tyr
Ala

360
Pro

31749

Ile
Leu
25

His
Ala
Val
Val
Gly
105
Ala
Ile
Val
Leu
Gly
185
Asp
Glu
Lys
Val
Lys
265
Gly
Lys
Gly
Ile
Ala
345
Ala

Ala

Ile
10

Gly
Leu
Val
Met
Ser
90

Thr
Ile
Gly
Ser
Glu
170
Ile
Lys
Tyr
Ser
Ala
250
Pro
Ala
Asn
Ile
Gln
330
Ile

Leu

Tyr

-112-

Leu
Leu
Gln
val
Leu
75

Ile
Gly
Lys
Ala
Leu
155
Phe
Leu
Asp
Val
Asn
235
Leu
Leu
Leu
Glu
Ala
315
Gly
Val
Ala

Ile

Ile
Leu
Pro
Ala
60

Gln
Val
His
Asn
Gln
140
Val
Leu
Ala
Glu
Tyr
220
Trp
Leu
Ser
Ile
Val
300
Trp
Val
Leu

Ala

Val

Cys
Gly
Gly
45

Ala
Ile
Ala
Val
Asn
125
Met
Ala
Asp
Ile
Glu
205
Gly
Leu
Gly
Met
Ile
285
Phe
Met
Leu
Leu
Ile

365
Ala

Leu
Gly
30

Lys
Ser
Ala
Pro
Val
110
Ile
Gly
Met
Leu
Gly
190
Phe
Asp
Ala
Ala
Val
270
Ile
Arg
Ala
Gly
Leu
350
Val

Ser

Phe
15

Ile
Pro
Ala
Glu
Phe
95

Tyr
Arg
Ile
Leu
Leu
175
Ile
Gln
Thr
Met
Asp
255
Leu
Leu
Ser
Glu
Glu
335
Val

Pro

Ala

Tyr
Gly
Pro
Thr
Lys
80

Val
Thr
Pro
Ile
Gly
160
Ala
Phe
Lys
Ala
Trp
240
Ser
Val
Thr
Gly
Thr
320
Met
Ser

Val

Pro



Ala
385
Ala
Ile

Cys

370

Cys Tyr Gly Tyr Tyr
390

Ile Gln Phe Asp Arg

405
Asn His Ser Phe Ile
420
val Phe Gly Trp Ile
435

375
Ile

Ser

Leu

Phe

31749

380

Leu Pro Thr Tyr Pro Ser Asp Leu Ala

395

400

Gly Thr Thr His Ile Gly Arg Phe Vval

410

415

Pro Gly Leu Ile Gly val Ser Val Ser

425

430

Ala Ala Met Tyr Gly Phe Leu

440

-113-

445
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[Fig. 1]
(A)
18h Glu(g/L)
= 32,5
33 31,9 ¢
32 31,2
31 304
0 29,6
29
28
27 +— . . T .
2256AsucAAldhA  2256AsucAAIdhA 2256AsucAAAIdhA  2256AsucAdldhA  2256AsucAAldhA
yggB*/pvk9 ysgB* yegB* ysgB* yggB*
/pvk9-Cg-dctA /pvk9-Ec-dctA /pvk9-Ec-dcuA /pvk9-Ec-dcuB
(B)
18h Asp(g/L)
2 473
15 1,38
1
0,5 013 0,27
2256AsucAAldhA  2256AsucAAldhA  2256AsucAAIdhA  2256AsucAAldhA  2256AsucAAldhA
yggB*/pvk9 yggB* yegB* yggB* yggB*

/pvk9-Cg-dctA /pvk9-Ec-dctA /pvk9-Ec-dcuA /pvk9-Ec-dcuB
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